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0 Novel carboxyalkyl peptides and thioethen end ethers of peptides ae entlhypertefi 

@ Novel inhibitors of snoiotensin converting eiwyme are 
disclosed which have the general formula 

R, Ra O R« R» O 

I i II I I il 

(R«)y-C-X-|CH,U-C-C-N-C-C-R. 

i I I 

R, R? <Rio)4 

Wherein X » X 0 or NR». and R, form wrth -N-C- e 4^ 
membered ring structure as described and the other R 
subsiiiuents are selected from a verioty of disclosed groups. 
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Angiotensin converting enzyme (peptidyldipeptide hy _-olase, 
hereinafter referred to as ACE) occupies a central role .in the 
physiology of hyper tens ion • The enzyme is capable of converting 
the 'decapeptide angiotensin I, having the sequence 

AspArgValTyrlleKisProPheKisLeu 
to an octapeptide, angiotensin II, by removal of the carboxy- 
terminal BisLeu. The symbols for the above chemical moieties 
end others used throughout this application are esq^lained in the 
following table. In each instance, the 8y7:bol for an aizlno acid 
is also used herein at times to refer to a mono or divalent 
radical of such acid, and those ef ordinary skill in the art vill 
readily understand the context of each specific use: 

Ala « alanine 

Arg - arginine 

Asp - aspartic acid 

Aze » azetidine 
. Boc t-butylo3cycarbonyl 

Cbo " carbobenzyloxy 

Cys « cysteine 
<Glu « pyro-L- glutamic acid 

Glu - glutamic acid 

Giy ■= glycine 

Hip = Hippuric acid (Benzoyl-glycine) 
His « histicine 
-lie-— isolsiucine 
Leu - leuciire 
Lys « lysine 
xiet " methionine 
Om « ornithine 
Pha « phenvlaiainc 
Pip - pipecclinic acid 
Pro " proline 
^Pro « 3 ,4-dahydroproline 
Ser = serine 
Thr - threonine 
Thy - thyronine 
Tos « Tosyl 
Trp ^ tryptophan 
. Tyr - tyrosine 
val - valine 
Phc - phthaloyl 

ACE = Angiotensin converting enzyme 
Hepes - K-2-hydroxyethylpiperazine*n'-2* 
cthanesulf onic acid 
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Angiotensin I is formed by the action f the enzyme renin, 
an endopeptidase £o\md in kidney, other tissues and- plasma, 
on a senza^-2 globulin. 

Blood press^:re is affected by certain peptides found in the blood. 
One of these, angiotensin II, is a powerful pressor (blood 
pressure elevating) agenr. Another, bradykinin, a nonapeptide 
with the sequence ArgProProGlyPheSerProPheArg is a powerful 
depressor (blood pressure lowering) agent. In addition to a 
direct pressor effect, angiotensin II stiiaulates release of 
aldosterone which tends to elevate blood pressure by causing 
retention of extracellular salt, and fluids . _ Angiotensin II is 
found in measurable amount in the blood of normal humans. 
However, it is foind at elevated concentrations in the blood of 
patients with renal hypertension. 

The level of ACE activity is ordinarily in excess, in both 
normal and hypertensive humans, of the amount needed to maintain 
observed levels of - angiotensin II. However, it has been found 
that -significant blood pressure lowering is achieved in hyper- 
tensive patients by treatment with ACE inhibitors. [Gcvras, I., 
et al,. New Engl. J, Ked. 291, 817 (1974)]. 

ACE is a -peptidyldipeptide hydrolase. It catalyzes the 
hydrolysis of the penultimate peptide bond at the C-terminal end 
of a variety of acylated tripeptides and larger polypeptides 
having an unblocked ^-carboxyl group. The action of ACE results 
in hydrolycic cleavage of the penultimate peptide bond from the 
carboxyl-terrinal end yielding as reaction products a dipeptide 
and a renriant. 

The reactivity of the enzyme varies markedly depending on 
the substrate. At least one type of peptide bond, having the 
nlrrot^en sullied bv nroline. is not hvdrolvzed at all. The 
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apparent Michaelis constan : i) var froa substrate to 
substrate over several ord :s of mag: .ude. For general 
discussion of the kinetic ]»ar£imeters f enzyme catalyzed 
reactions, see Lehninger, A., Biochec? Lstry . 2nd Ed. , Worth 
Publishers, Inc., New York, 1975, pp. 189-195. Many peptides 
vhich are called inhibitors of the enzymatic conversion of 
angiotensin I to angiotensin II are in fact substrates having a 
lower Km tlten angiotensin I. Such peptides are more properly 
termed competitive substrates. Examples of competitive sub-, 
Btrates include bradykinin, and the peptide BPP^ (also called 
SQ20475) from snake venom, whose sequence is <GluLy sTrp.AlaPro . 

Kimerous . synthetic peptide derivatives have been shown to bt 
ACE inhibitors by Ondetti, et al. in U.S. patent 3,832,337 
issued August 27, 1974. 

The role of ACE in the pathogenesis of hypertension has prompted 
a search for inhibitors of the enzyme that could act as anti- 
hypertensive drugs. See for example U.S. patents 3,891,616, 
3,947.575, 4,052,511 and 4,053.651. A highly effective inhititor, 
with high biological activity when orally administered, is D-3- 
methylpropanoyl-L-proline, designated SQ14225, or "captopril" 
disclosed in U.S. patent 4,046,889 to Ondetti et al., issued 
September 6, 1977, and in scientific articles by Cushman, D.W. 
et al.. Biochemistry 16 ,5434 (1977), and by Ondetti, M. et al.. 
Science 195 ,441 (1977). The inhibitor SQ14225 reportedly has 
an I^Q value of 2.3 x 10""^!. The I^q value reported by Cushman, 
et al., supra is the concentration of inhibitor required to 
produce 507» inhibition of the enzyme under a standard assay 
system containing substrate at a level substantially above K^. 
It will be understood that I^q values are directly comparable 
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when all potential factors affecting the reaction are kept 
constant. These factors include the source of enzyme ^ its 
purity, the substrate used and its concentration, and the 
cosposition ox the assay buffer. All I^q data reported herein 
have .been perfomed with the same assay system and same enzyme 
(him an urinary ACE) and the same level of 

substrate and are therefore internally consistent. Discrepencies 
with data obtained by other workers may be observed. Indeed 
such discrepancies do exist in the literature, for unknown reasons- 
See, for example, the I^^ values for BPPg^ reported by Cushnan, 
D.W. , et al., Experientia 29 . 1032 (1973) and by Borer, F.E., et 
al.. Biochim.Biophys.Acta 429 . 220 C1976) . 

The mode of action of SQ14225 has. been based upon a model 

of the active site of ACE developed by analogy with the better 
known related enzyme, carboxypeptidase A. The active site was 

postulated to have a cationic site for binding the carboxyl end 

group of the substrate and a pocket or cleft capable of binding 

the side chain of the C- terminal amino acid and providing 

expecially tight binding for the heterocyclic ring of a terminal 

proline residue. A similar pocket for the penultimate amino acid 

residue was postulated, and the published deta suggested a 

rather stringent steric requirement, since the D-form of the 

inhibitor was substantially more potent than its stereoisomer 

or the 3-methyl and unsubstituted analogs. The sulfhydryl group 

on the inhibitor, postulated to be boiind at the active site near 

the catalytic center, was believed to play a central role in 

inactivation of the enzyme by combining with the zinc moiety 

known to be essential for catalytic activity. Substituents on 
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the sulfhydryl, sue as a methyl group, and an S-acetyl 
derivative, substar . ially reduced potency f the inhibitor. 
See Cushman, D.W. , et al.. Biochemistry , supra. 

In vitro study of the tnechanism by vhich SQ14225 and 
its analogs act to inhibit ACE has been somewhat hampered 
by the instability of these molecules under ambient 
conditions. For example. It has been observed that a fresh 
aqueous solution of concentration, e.g., 1 mg per ml of ^ 
SQ14225 at a pH of about 8 becomes substantially less active 
upon standing for as litrle as. 30 minutes, and that activity 
continues to decrease as the solution stands for longer 
periods. It is- believed that this los6 in activity is 
mainly the result of dimerization of SQ14225 occurring at 
the sulfhydryl end groups , whereby' a disulfide is formed 
which is largely inactive as an inhibitor. Since the free 
sulfhydryl group is highly reactive and may be readily 
oxidized to polar acidic moieties such as sulfone and 
sulfoxide groups, it may also be that the observed in 
vitro loss of activity — of aqueous solutions of SQ14225 on 
standing is in some part a consequence of one or more such 
oxidation reactions, with formation of a sulfone or sulfoxide 
which does not function effectively as an inhibitor for ACE. 

Such reports of SQ14225 clinical testing as arc 
currently available, come of which refer to the compound 
under the name "Captopril** or "Capoten", suggest that the 
product is sufficiently stable in the normal gastric and 
intestinal environments of most patients to be an effective 
inhibitor for ACE when administered orally. It is not yet 
clear, however, whether there may be a group of patients for 



vhich SQ14225 is substantially ineffective. B raase of ::he 
high reactivity of the free sulfhydryl group, L:Q14225 could 
readily form mixed disulfides with serum, cellular proteins, 
peptides or other free sulfhydryl group-containing substances 
in the gastric or intestinal environments, in addition to the 
possibility for dimer formation or oxidative degradation 
reactions, A mixed disulfide with protein may be antigenic 
and, indeed, occasional allergic reactions h&ve been clini- 
cally observed. See Gavras, et al.. New England J.Med . 298 , 

991 (1978) . Disulfides and oxidative degradation products of 
SQ14225, if formed, may at best be expected to be largely 
ineffective as inhibitors. It may be postulated accordingly 
that dose response to SQ14225 may vary with conditions of 
administration and among individual patients. Moreover, in 
at least some patients, unwanted side effects may occur and 
maintenance of an effective concentration of the inhibitor in 
the body may be difficult to control. - 

Adverse effects of SQ14225 in man include fevers and 
rashes (Gavras et al. , supra) . Hoomtje et al.. The Lancet i, 
1212-1214 C19S0) describe the performance of renal biopsies on 
13 patients treated wtih S014225. All biopsies bhoved evidence 
of immune complex deposition along the glomerular basement 
membranes, although 9 of 12 patients were asymptomatic at the 
time of the biopsy. These authors also discussed similarities 
of their findings with those induced by another drug with a 
free mercapto group, D-penicillamine. 

In an effort to devise inhibitors of angiotensin converting 
enzyme that are mere stable than captopril and less likely to 



0048159 

-/- 

induce D-peniciilaaiine-like adverse effects, applicants 
prepared and disclosed in copending application Ser. No. 
187992 filed September 17, 1980, a series of compoimds 
having analogous side chain structure to an effective 
substrate for the enzjrae, benzoyl -?he-Ala -pro. The analogous 
cospounds possess en ether or thioether linkage and a substi- 
tuted carboxjinethjl proxizaate to the ether or .^iloether. In 
some compounds, the substituted carboxymethyl group is replaced * 
by corresponding substituted thiocarboxymethyl or tcercaptomethyl 
group. 

Such compounds are stable and have durations of action much 
longer than that of captcpril. Thus, the Inhibitors of 
Application Ser. Ho. 187992 may be used for treating hyperten- 
sion vith less frequent dosage schedules than required for 
captoprll and may be capable of administration under less 
rigorously controlled conditions. 

Patchett et al., in European application 79105015 .6 
publication number 0012A01, published on or about June 25, 
1980, discloses carboxyalkyl dlpeptide derivatives which closely 
related to the couipounds_of U.S. Ser. No. 187992 and. exhibit 
generally similar durations of action in in vitro tests. 

Applicants have now discovered additional heretofore 
undisclosed compounds -^^hich are somewhat related to those 
earlier disclosed. In at least some cases these compoimds are 
more efficacious and/ or longer acting as ACE inhibitors than 
any of the previously disclosed compounds. 
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BRIEF DESCaimON 0. IKE IKVZN: ON 



Novel inhibicors of ACE are cisclosed vhich have the 
general foraula: 



R, R, 0 R/ Re 0 



wherein x «nd 7 are 0 or 1, X icaj be S, 0 or H-Rg and nay be 
-H or -CH3 n is 0 or 1, and is H, CHj, F, CI or Br; 

Rj is COOH. CH^COOH, COSH, CH2COSH, CH^SH, CH2CH2SH, a 
physiologically acceptable non-toxic ^alt of any of thea; COOY; 
CH2COOY, COSY, CH2COSY, CH2SY or CH2CH2SY, T&erein Y is phenyl, 
benzyl or a 1 - 5 carbon all^l grot^, C^- Nf^ 1 wherein either 

of and A2 may be H, phenyl, benzyl or a 1 - 5 alkyl group; 

and together -form a ring vitli the nitrogen and carbon 
atoms to which they are respectively attached, which ring is one 
of the structures: 

-N tH -. -N CH -k fcH -N GH -i-C-, 

" ^ .J, jjjj _^ _N— CH- 



N-NH Tos 

•I 



H — ca -, 


- ^'-^CH, 


N CH 




N CH 




N CH 


r\ 

- N CH 


H CH - , 


- N— 7-CH 



" - N CI 



Se 

N 



.N — CH -N CH -K CH - l!; CH-, 



CO and ar th ? ; or different anc atQQ^^^q^q f 

(i) Qono-N subs tuted alkylene of 2-A carbons vhcrein 
the 2i substltuent is benzoy: , Boc» Cbo, Tos, formyl or acetyl; 

(ii) hydroxyphenyl or hydro3cyphenyl-(l-6C) -alkylene 
hydroxalkylena having 1-4 carbons » or thiol analogs thereof » 

(iii) xnercaptoallqrlene of 1-6 carbons; 

Civ) phenylalkylene wherein the alkylene group has 
1-6 carbons, Cj^-C^ straight or branched chain all^l or phenyl, 

(v) phenyl thioalkylene, phenoxyalkrlene, benryloxy- 

alkylene , /Senzylthio alkylene vherein the alkylene group has 
1-6 carbons; 

(vi) alkylthioalkylene lAereln the alkyl and alkylene 
groiq>B have 1-6 carbons; 

Cvli) alkoxyphenyl or alkoscybcnzyl la which the alkoxy 

group has 1-6 carbons, phenoxyphsnyl, pheMxybensyl, benzyloxy- 

benzyl or benzyloxyphenyl or a thioether analog of any of then; 

(viii) •(CHj)^^ • CH - CH^ wherein n O - 4 end B - H 

I 

OB 

or a 1-6 carbon alkyl group; or an -SB analog thereof; 

CLx) (CH2)pC00Z or (CH2)pC0SZ wherein p » 0 - 3 and 2 is H, 

phenyl; benryl, a 1-6 carbon alkyl group, or an anion of a 

physiologically acceptable salt; 

(s) -(CH2)^ • CH - CH3 -or -(CH^)^^ - CE - CH3 

O - C - 2 C - OZ 

O 0 

or -CC52)jj - CH - CH3 .cr -iCE^)^ - CR - CE^ 
S-C-2 C-SZ 

0 0 

wherein n and 2 each have th« same significance as above; 

(xi) HO-CCH^)^^ - tH - or HS - (CR^)^ - fen - vherein n - 0 - A. 
D is phenyl, thienyl or a 1-3 carbon alkyl group; 
(xli) HO - CC-L2?^ - C iCE^'>2 ES - CCB^}^ - C (CH3>2 
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(CH2)jj - C (JCA^^ - "uherein n has th-i tame significance t; 
above; 

(xiii) p - mercaptophenyl - (^2),^ - - or p-hydroxyphenyl - 

(CHj)^^ - CH2 - wherein the phenyl ring has ne or two nitro or 

.asino Eubstituents and n has the same significance as ahove; 

OH SH 

(ziv) CH^ (CH2>jj - in - or CH3 i'^^^^ - CH - wherein n has the 
same significance as above; 

(xv) BH2 - alkylene or NO2 - alkylene containing one hydroxy or 
mercapto 6ubsi:ltuent and having 1-6 carbon atoms; 
(rvi) hydrosgr- or mercapto-phenoxybenzyl; 

(xvii) 20 (CH2)q - 2 - ^^i)^ (£22)^ - C - ^^^^^ 

- ^ -^^^2>n -» N02(CH2)q - \ - (CHj)^ 
HONH - (C:H2)q - C - NHjUH - ((^2)^ - ? - (CHj^n 

20 - t <CH2)q - 2 - (CH2)^ .25-2 - (CH,)„ - 2 - (CH,) - or 

0 9 

NH2™ - (CH2^" - c - (CE2)n vherein q - 1 - 5 and z and n have 
the same significance as above; 

OH yH 

(xviii) 20 (CHj)^ - CH - <CH2^^ ((^2)^ - CH - (£^2),, 

HH2 - (CH2)q -?H..-.(CH2)^ HO2 - iCE^^ - ^ - (CH2)„ - , 

OH OH 
20 - (CH2)q - CH - (^2)^^ 2S - - (CH2)q - CH - (^2),^ - 

OH OH 
HONH - (CH2)q - CH - (CKo),. HH2l'H-(CH2)q - CH - (^2)^ - 

2 '2? 

or NH2CNH-(ra2)q-CH-(CH2)j^- wherein Z, q and n all have the same 
significance as above; 

(xix) G - NH - (CH2)q - ? - (^2)^^ G - NH (^2)^ - 

9 QH 
(CH2)^ G - (CH,)^ - C - (CH2)jj G - (CH2)q - CH - 
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CH - (CH2)„ - 

■wtiexeisi. C is an alkacyl or alkacylo:^ group of 1 - 6 carbons, 
a benzoyl or benzoyloxy group, or a phenylalkacyl or pbenyl- 
alkacyloxy group wherein the alkacyl or alkacyloxy group 
contains 2-6 carbons and q and n have the same significance 
as set forth above; ' 

(xx) K - (CK^)^^ - C - (CH^)^^ - or K (CH2)j^ - S - (Caj)^^ - 
wherein n has the significance stated above and K is selected 
from carboxyphenyl. aainophenyl, nitrophenyl, halophenyl, • 
hydroxphenyl, alkylthiophenyl. alkylphenyl, nercaptophenyl , 
cyanophenyl, mercapto-carbonylphenyl, alkylcarbonylphenyl, alkyl- 
carbonyloxphenyl. hydrazinophenyl , ureidophenyl, alkylcarbonyl- 
aninophenyl, alkylcarbonylthiophenyl. alkyloxyphenyl and 
.hydroxyaminophenyl, wherein all alkyl groups contain 1-6 carbon 
atoms ; 

(xxi) L - (CH^)^ - ? - (CH^)^ - or L (CH^)^ - S - (CH^)^ - 
wherein n has the significance stated above and L Is selected 
from cydoalkyl groups of 3 - 7 carbons which may be unsubsti- 
tuted with vm to two groirps selected from among carboxy, amino, 
nitro, halo, hydroxy, mercapto, mercaptocarbonyl . hydroxyamino , 
alkyi. alkylcarbonyl , alkylcarbonyloxy, alkyl thio. alkyl- 
carbonylanino. alkylcarbonyl thio, cyano. hydrazino. ureido and 
alkyloxy, wherein all alkyl groups contain 1-6 carbon atoms; 

(xxii) - guanidino alkylsne, thioguanidinoalkylene, or nitro- 
guanidino alkylene in which the alkylene groups contain 1-6 
carbon atoms; 

(xxiii) ring substituted aryl groups in which the ring sub- 
Btituents may be the same or different and may comprise up to 
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five per ring f any of the following: - liH2» - OZ. -SZ, halogen, 
-CH, -N02, -COOZ, -COSZ. CONH^. -NHNH2. alkyl, alkylcarbonyl, 
alkylcarbonyloxy , alkyl car bonylamino , haloalkyl , dihaloalkyl , 
trihalomethyl » hydroxyamino , alkylcarbonylrhio» phenoxy, and 
benzyloxy wherein the alkyl groups contain 1 6 carbon atoms and 
Z has the saiae significance as above; 

(xxiv) amidoalkylene or alkylcarbonyl-asiinoallfylene wherein the 

alkyl and alkylene groups contain 1-6 carbon atoms; 

(acxv) hydroxyaminoalkylene of 1 - 6 carbons; 

(3acvi) vinyl and substituted vinyl groups In which the 

substituents may "be alkyl, aryl, cycloalkyl or heterocyclic 

groups; 

(xxvii) unsubstituted heterocyclic groups selected from among 
phenothiazinyl, pyrrolidinyl, pyrrolyl, quinolinyl, Imidazolyl, 
pyridyl, thyminyl, benzothiazinyl , indolyl, thienyl, purinyl, . 
piperidinyl, morpholinyl, azaindolyl, pyrazinyl. pyriiaidyl, 
piperonyl, piperazlnyl, furanyl, thiazolyl and thiazolidinyl . 
cytosinyl, 

(xxviii) alkylene or alkeryl groups of 1 - 6 carbons substi- 
tuted \d.th one of the heterocyclic rings from (xjcvii) above; 

(xxix) groups from (xxvii) or (xxviii) above containing up to 

four ring substitutents on the heterocyclic ring selected from 

among -OZ, -SZ, -COOZ, -KO^, •NH2, -COSZ, halogen, haloalkyl, 

dihaloalkyl, trihalomethyl , cyano, CONH2. alkyl, alkyl carbonyl , 

alkylcarbonylo:gy, alkylcarbonyl-amino, alkylcarbonylthio, phenoxy, 
II 

benzyloxy, -RHC-NH2, -NHNH2 and HONH - wherein Z has the same 
significance as^ above; 

(xxx) groups f rom , (xxvii) , (xxviii) or (xxix) attached to one 
valence f an etheric -0- or -S-, and 
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(xsoci) xaono-. di- or tri-alkyl-, alkenyl- or phcnyl-silyl 03 
selenyl wherein the alkyl or alkenyl groups contain 1 - 6 car.ons. 
B. Xvher. is a group from among (xi) - (xaoti) ahove; may 
also be any of H, 1 - 5 carbon straight or branched chain alkyl, 
phenyl, -OH, alkoxy of 1 - 5 carbons » benzyloxy, benzyloxyalkylene 
or phenoxyalkylene vherein the alkylene has 1-5 carbons, 
alkoxyalkylene having 1-5 carbons in the alko^ and all^lene 
groups, aminoalkylene of 1 - 6 carbons, alkenyl of 1 - 6 carbons, j 
benzyl, hydroxyalkyl of 1 - 6 carbons, mercap to alkyl of 1 i 
6 carbons, histidinyl, haloalkyl of 1 - 6 carbons, 4 • 
aminonethyl-benryl, acetamidoalkyl of 1 5 carbons, benryl- 
thiomethylene, or dinethylamiaoalkyl of 1 - 5 carbons. 
C. "When "R^ ±s a. group from among (ii - (»odL) above, may also 
be any of H, - Cg straight or branched chain alkyl, phenyl, 
benzyl, unsubstituted aminoalkylene of 2 - 6 carbons, hydroacy- 
alkylene of 1 - 6 carbons, hydroxyphenyl , phenoxyalkylene or 
benzyloaqralkylene wherein the alkylene group has 1-6 carbons, 
cydoalkyl of 3 - 6 carbons, cydoalkyl methyl, 3 indolyl-. 
phenylethyl, methyl thioethyl, 3 indolyl alkyl -wherein the alkyl 
group contains 1-5 carbons, imidazolyl, imidkzolylalkyl 
wherein the alkyl group contains 1-5 carbons, phenoxymethyl . 
phenyl thioaethyl , 4-aisino=sthyl benzyl, . 2-aminophenethyl , 
napthylethyl,-4-halophsnachyl, 3,A-dihalophcnethyl or 
phenoxyphenethyl, or 

D, and ^ together nay form with -CH a lactone ring of the 
formula : 



CH^, CH 



CH 

or 

^CH^ - 0 

CH- 0 
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or an rinalogous .x-nembered ring snd must tacn be s lecced 
froa any of grou ^i; (i) - (xxxi) above. 

E. When at leasT one f Ry and Rg is not hydrogen, or vhen X 
is NRg and Rg is methyl, Rj^ nay be as defined in B above, or 
iaay.be from any of groups (i) to (x) above, vhen R^ is as 
defined in C above, 

F. When R^ and R^ together are any atructure that is disubsti- 
tuted or monosobstituted with a moiety other than ^QH, or vhen 
R^ and R^ form any recited structure other than of of q . 

I — , Cx. r^^ ^ 

CH-, -N tH-, -N CH-, -H -N CH-, -N CH 




and -H ^^CH, Rj^-may be as defined in B or may be from any of 

groups (i) to (x) .vhen R^is as defined in C above. 
In the general formula above, asterisks indicate possible 
asymmetric centers. These centers may be racemized or in any 
optically active form. The S-form is preferred, hovever. It 
has been noted that confounds vherein Z » lIRg» m « 0, and at 
least one of the carbons attached to the -N- of NRg exhibits 
asymmetry, are particularly effective ACE inhibitors. 

The inhibitors are useful as orally effective anti- 
hypertensive agents. - • 
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The invention in its broad aspect: Ir elude thioether, 
ether, or secondary anine compounds whiVic contain at least 
one amino acid or reltaed structure. The amino acid or related 
structure is selected either grom the group comprising, 
proline. 3 ,4-dehydroproline. 3-hydroxyproline. 4-hydroxyproline. 

4- thioproline. thiazolidine-A-carboxylic acid, A-keto-proline. 

5- keto-proline. pyroglutamic acid, p^ecolinic acid and 
a2etidine-2-carbo3cylic acid wherein the carbo:^l gror?) oi. 
the amino acid or related structure can be replaced by a 
-COSH grora or the amino acid or related structure contains 
the sequence -K^-B-Rg vherein- the -H- and -fH - are part of 
a ring vith enJ°i^. The confounds of this ^Sl^^tlon are 
farther characterized by the presence of at least one 
asysaetric carbon in the main chain shown by the general 
formula. In the most preferable form of conaound according to 
this invention, at least one of R^^ and E3 is a relatively 
large and bulky group. 

The thioether compounds. of formula I can be produced by 
several methods- of synthesis. In the examples of synthesis 
vhich follow for the thioether as well as the ether and 
secondary amine compbunds, proline will be utilized as the 
prototype amino acid moiety. It is to be understood that 
this is done for illustration purposes only and that the 
other structures can be substituted for proline in thesemethods 
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tmless noted otberwise. According to one. preferred method, 
the compormd C0H)C00C2H^ Is reacted wltK ^2^5 ^® 

H 

B^SH)C00C2H5. The ccnpcjad CHj - ^S^lCOCl is reacted ^rith 

Pro to form CH2-C(B3)?-?ro. The two products of these reactions 

are reacted together to yield the conpounds Rj^CCC00C2H2)S-CH2- 

C(R2)-C-Pro. Saponification removes the ethyl alcohol radical 
and forms the- corresponding salt. The free acid can be formed 
therefrom by -acidification. In this method Apxo cannot be 
substituted for-rPro. 

•*.. ?8 
In a second preferred method/'the compound Rj^C(Br)COOH is 
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reacted with scbutyleno in the presence of sulftiric acid to 
form the t-butyl ester of R,?^Br)COOH. This compound is rhen 
reacted with R^CCOOH to form the product 

R^C(C00C(CH3)3)-S-(CH2)^-t(R3)-ioH. Next, the t-butyl ester of 
Pro is coupled to this product using conventional coupling 
nethods, such as the dicyclohexylcarbojiilfflide (DCC) method. 
Other coupling methods include the mixed anhydride » syisnetrical 
anhydride, acid chloride, active ester, Woodward reagent K, 
of the like, methods. For a review of the coupling methods, 
see Methoden der Organischen Chemie (Eouben-Weyl) , Vol. X7, 
part II, page 1 et seq. (1974). The product formed, 

h l7 0 

Rj^C(C00C(CH3)3)-S-(CH2)^-C-(R3)-C-Pro t-butyl ester, is 

deprotected, i.e. the t-butyl ester groyxps are removed by 
conventional means such as treatment with trifluoroacetic 
acid (TFA) and anisole to produce the desired end prbdtict . For 
a review of other deprotecting methods see Methoden der 
Organischen Chemie (Houben-Weyl) , Vol. XV, part I, page 376 
et seq. (1974). An alternative method is the reaction of 

RTC(Br)COOH with HS-(CHo) -g(R^)-?-Pro to form the desired 
^8 - =^ R7 ^ 

product. This alternative method will not work for Apro 
although the original izethod will. . R.C(Br) COOH can be 
prepared by reacting R^C(NH2)C00H with HBr in the presence of 

HaN02 or with KBr in H2S0^ in the presence of NaN02.to yield 

the desired product. 



004 159 

The ether coispounds of f rxznila I can also be prepared 
by several other methods. According to one preferred method, the 
compound is reacted with the diethyl ester of oalonic acid t 

yield R^-CH(C00C2H^)2. This product is then reacted with 

bromine to produce K^^-^CCBx) iCOOCmlR^) 2* The Compound 

^ 

R2-V"C00H is coupled to an ester of Pro using conventional 
^™2^m*°^ 

coupling means. These two products are then reacted to form the 

compound ^CECCOOC^^)^''^^^^^^^^^^^^^'^^^^ ester. The various 
ester groups are removed by conventional means and one carbos^l 
group is removed by acidification and heat to produce the 
desired product. By substituting iU-S-COOH for the lU-C-COOH and 

following this procedz^re, the thioether compounds cm be formed 
but this will not work with ^ Pro. 
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In sti .1 another method, the compound R^^-C-OH is reacted with 

.blocking group 

Br- (0112)^-^(113) -COOH t-butyl ester to produce H^^^^'^"" ^^^2^m~ 

^R2)-C00H t-butyl ester. The ester is removed, the product 

reacted with Pro, and the blocking group is removed to yield a 
final product of the formula shown above. 

The secondary amine coinpounds of this Invention wherein 
Rg-H and X is NH may be synthesized by the following method. 

The compound R-^-COOH is coupled with thiophenol using the mixed 
^ 0 0 

anhydride method to produce S^* 

This product is 
XI7 O * O 
then reacted with H2K-(CH2) -c(R3)-C-?ro to yield Rj^CHrf-S-CgH^)- 

lIH-(CH2)jj^-t(R2)~<-"?3:o. This compound is reacted with NaSH to 

O ?7 O 

form Ej^-CH(C-SH)-KH-(CH2)«j-C(R3)-C-Pro. 

Compounds of this invention in which and R2 aire bridged to 

form a lactone xing can be prepared using 2-halo-lactonea , e.g., 
^-Br- 3^valerolactone and t^> -Br-2'^rbugygol^ctone . The ^ -bromo 
group is reactive with HS-{CE2)j^-CH-(5-l5[ -CH-CORg or those analogs 

In which an NH2-. or OH-group is substituted for the HS-group to 
form compounds din which X is -S-, -0- or -NH- in formula I. 

Zlpro cannot be used in this procedure unless added as 
-N -CH-CORg as a final step, i.e., after the ^-X bond has been 

formed. The -lactone ring can be opened, e.g., with a base such 
as Ba(0H)2 to form the corresponding ^-OH-l-carboxymethyl 
c mpoimds. The hydroxy-group can be converted to a salt with 
sodium, potassium or an organic cation such as that from arginine 
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Compounds of this invention- wherein X=NR^ may be made 
in . various ways. For example, an. keto carboxylic acid of 

Q 

li 

the general .formula R^C-COOH may be coupled to Pro to give a 
0 0 

produce RjC-C-Pr-o using a conventional coupling agent such as 
dicyclohexylcarbodiimide ("DCC") or diphenylphosphorylazide 
("DPPA"). This product may in turn be coupled , in the pres- 
ence .of a reducing agent such as sodium 'cyanoborohydride in 
aqueous solution with an organic solvent such as chloroform 
or dichloromethane, to a compound of the general formula 

RgC-NHR^ to give the desired compound. Alternatively , 

fi . 

R- C-COOH may first .be coupled with R^ C -NHR- and the product 
" R 

then coupled to Pro in a second coupling step. As those of 
ordinary skill in the art will readily understand, conventional 
blocking roups such as Boc, CbO, etc., may be introduced at 
appropriate stages to protect reactive groups, especially 
carboxyl or amido groups, and may be removed as desired. 

In another general method a suitable a keto carboxylic 

0 R- 

acid R^C-COOH is coupled to H2N-.(CH2)„,-C-^C00H and the product 

■> h 

is then coupled ±o Pro or alternatively H-N(CH«)^-C-COOH is 

z z in * ■ ' 



ft. 



coupled to Pro and that product is coupled to 
0 

It 

R^ C-COOH to give -a-n^end product of this invention* 



Suitable compounds of the general formula Rg-C-NH^ 



for 



use in making the compounds of the invention include, but are 
not limited to glutamic acid o-benzyl ester., glutamic acid a- 
ethyl ester, glutamic acid a-methyl ester, glutamic acid o-tert 
butyl 
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ister, aspactic-JV-benzyl ester, 2-amino-5-carboxy-indan-2- 
carboxylic acid, p-carboxyphenjlalanine-ig^ nethyl ester, 

'o-carboxytyrosine-^iaethyl ester, 2-a!aincHnalon.ic acid methyl 

i 

.'ester, 2 aminoadipic acid-l-ethylester, 2 amino-pimelic acid-1 
• ethyl ester, 2-aminosuberic acid-1 ethyl ester, 2-aniiiio azelaic 
acid-l-ethyl ester, 2-amiiio sebacic acid-1 ethyl ester» 
'•'tert. leucine, 2-inethylglutainic acid, ac-aaiao-^guanidino 
.butyric acid.cs^-ainiiio-^-guanidiiiopropionic add, ^-fluorophenyl- 
alanine, ^^-hydroxyvaline, ^-oxalysine, V-bydroxy ornithine. 
hydroxylysine, ^-N aethyl arginine, T^-hy&roTcy axginine, cancanin, 
i|5,5*-dihydroacyleucine, j^-carboxyaspartic acid, /Ifluoroaspartic 
acid, -xnethylaspar tic acid, ^-nethylene *aspart:ic acid, p- 
[amidino phenylalanine, p-guanidinophenylalanine, p-methyl- 
phenylalanine, (2-ethoxy-5-nitro} phenyl-alanine, (2-hydroacy-5- 
nitro) phenylalanine, (A-marcapto) phenylalanine, 2-aniino-2-indole- 
•acetic acid, 2-aaino-3-adainantyl-propionic acid,^-i!!schylene 
norvaline,:5C-aiaino-Y'-(A carboxythiazolyl) butyric acid, 3-chloro- 
glutaaic acid.a^ -amino-S-nitro-valeric acid, 4-azalysine,* 
(2,A,5-trihydroxyphenyl)alanine, (3 bromo-5-inethoxypehnyl) 
jj alanine, ^-(3, 5 diiaethyl-4 ssthoxyphenyl) alanine , 3,5-di 
•5(ethylthio)-4-(4' hydroxypbenoxy) -phenylalanine, 3,5-di(ethyl- 
thio) -4 (3 ' -isopropyl-4 ' -iiiethcxyphenoxy)phenylalanine, y^- 
pjnrrolyl- alanine, 2-2=iino-4-?7rrolyl-butyric acid, 2-aiiiino-5 
pyrrolyl-valeric acid, /S- (2 pyxidyl) alanine , /5- (3 pyridyl) 
.•alanine, ^ (6- amincpurin-9yl) alanine, }5-(4-aaino-2-hydroxy- 
]pyrlmidin-l-yl) alanine, .5 -(2,4-dihydroxy-5-lnethy^-pyriaidin-l- 
.'yl) alanine , ^ - (6-hydrox7-px3rin-9-yl) alanine , - (6-dljnethyl- 
ainino-purin-9-yl) alanine,^ -(6-inercaptopurin-9-yl) alanine, 
i6-(6-methylthiopurin-9-yl) alanine. 4-azatrvntonhan. A-nerhvi- 
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xo-l-pyridyl) lysine, S-C2-h: aroxy-2-c«rbox7ethanechioinechyl)- 
cysteine, 2-asino-3- (6-thieno I3J^]pyrrolyl) -propionic acid. 
3. 3', 5. 5' tetramschylthyronine, S-hydroxy-^ -lysine, 2-aiain hex- 
4-ynoic acid, uT-hydroxy ornithine, A-piperaziaobut-2-ynoic acid, 
4-pi?aridinobut-2-ynoic acid, A-pyrrolidinobut-2-ynoic acid. ' 
^-amino-D^nitrogtianidinobutyxlc acid, o«-ainino-/ici-linida2olyl) 
propionic acid, A-nitrohistridine , 2-iaethyl-3(2' ,4'-diiodo- ^ 
5'-hydroxyphsayl) alanine. 4-(3* anino-2' ,4' ,6'-trliodc>phsnyl) 
isovaline, 4-(3» acetafflido-2' .4* .6»-triiodophenyl)-isovaline. 

4- (3'-h7drdxy-2\4\6'.xriiodophen7l) iso-vallae. 2-aadiio-4- 
thiosnlfobutyric acid. S- (3-aininopropyl} iomocysteine, 

5- (cyclopentyl nethyl) homocysteine,* S-Ccydopentyl methyl) 
homocysteine , 5 ' -guanosylhomocysteiae, S Ccytosin-l-yl) - 
alanine, -S- 1 (diphenyl-0t-naphthyl)methyl3 -L-cysteine , -S- 

[ (diphenyl.jfi-naphthyl)methyl] -L-cysteine, 2-amino-6- (methylthio) 
caproic acid,!^ H^-dimethyl-L-arginine , H'*^-dimethyl-L- 
arginine , l^N^ trimethyl-?"-hydroxy-L-lysine . H (S-amino-S- 
carboxypentyl) -5-hydroxy-L-lysine ,^5 -dibydroxy-L-norleucine, 
cis-l-aiaiao-l,3-diearbo:^C7clohexane. trans-1-aaino-.l ,3- 
dicarboxycyclohexaae-,-3 ,-3 ; A , 4 , 4 , -pentafluoro-2-aininobutyric acid . 
3,3,4,4,5,5 , 5-heptafluoro-2-aininovaleric acid , «0-f luoro-D;L- 
and L-allo-isoleucine, 2,6-diaaino-4-hexynoic acid, 0-(c<-D- ' ' 
glucopyranosyl)-L-serine, 2-saino-5, 6-d;hydroxyindan-2-carboxylic 
acid , 3- (m-f luorophenyl) -Z-nsthylalanine , 3- (m-bronophenyl) -2- 
methylalaniae, 3-(a»-iodophenyl)-2-methylalaninB, 2-I(ia- 
iodophenyDmethyl] glycine . -4- (m-iodophenyl) -2-inethyl- 2-aiaino- 
butyric acid, 3, 5.3 '-tri-isopropyl-BL- thyronine, 3, 5-dimetbyl- 
3 '-isopropyl- thyronine, 3, 5-di-isopropyl- thyronine, 3,5-di- 
iBopropyl-4 • amino-thyronine ,3,5, -di-isopropyl-3 ' -bromo- 
thyronine, 3,5-di-is pro?yl.3 'nethyl-thyronine, 3,5-di-B-butyl- 
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thyronine, 3, 5-di-s-butyl-4' -amino-thyronine. 3,5-di-s-bucyl- 

3 '-bromo- thyronine, 3,5-di-s-butyl-3*-iodo-thyronine, A-fluoro- 

tryptophan, 5-fluoro- tryptophan, 6-fluoro-tryptophan, ^^-(5- 

bydroxy-6-iodo-2-pyridyl) -alanine, y^-Cbenziiaidazol-S-yl)- 

alahine,.>9^-(2-amino-6-hydroxypi2rin-9-yl) -alanine, ;^-C2-aniiiio-6- 

f 

mer'captopurin-9-yl) -alanine, N -(5-Ajnino-6-cliloro-4-pyrinidyl) 
lysine. -Amino- -(6-chloro-9-purinyllcaproic acid, 4-Fluoro-DL- 
histidine, S-Methyl-2-methyl-cysteiae. S -2 thyl-2-methyl- cysteine. 
S-Propyl-2-methyl-cystBine, S-Isopropyl-2-methyl-cysteiiie, S- 
Butyl-2-methyl-cysteine, S-Isobutyl-2-methyl-c7steine, S-t- 
Bi2tyl-2-methyl-cysteine. S-Am7l-2-!3ethyl-cysteine, S-lBoanryl-2- 
nethyl-cysteine. S-Allyl-2-methyl-cysteine, S- Off-Aminoethyl) 
homocysteine. ^ .o . t ' -trihydroxy-leucine. N^-Cindole-3-acetyl) - 

r- 

lysine, p-hydroxymethylphenylalanine 0-ethylhoaoserin.e, 5- 
inethyl-2-aminohex-4-enoic ^cid, ^-(3-hydroxyphenyl) glycine, 
-Ck- (3 . 5-dihydroxyphenyl) glycine. jS- (cyclohexa-1 ,4-dienyl) alanine, 
y^-cydohex-l-enyl) -alanine, .^-(l-hydroxycyclohexyl) -alanine. 
4-bromoacetyl-phanylalanine , 4-broisoacetamido-phenylalanine , 
3-chloroacetaaido-phenylalanine, 4-fluoro-3-chloroacetamido- 
phenylalanlne. 3,4.5-tri-iodo-phenylalanine. 3,5-di-isopropyl- 
3 • -iodo-thyronine . (4-mechoxy-l-ft aphthyl) -5t-methylalanine , 
^- (4-hydroxy-l-naphthyl> ->:-sie thylalanine , ^- C2 -indanyl).glycine , 
;^-trimethylsilyl-alanine, scr63±ao-,§-03ethylamino) propionic acid, 
N N" -bis (2-cyanoethyl) -lysine, S^-dimethylnorleucine . 
methyl-lf N' -die thylomithine , !x-ethyl-3 , 4-diiaethoxy-phenylalanine , 
o^-methyl-4-morpholino-phenylalanine, ^- C2-amino-4-pyriniidinyl) 
alanine , (I - (2-aniino-A-pyriaidiTiyl) alanine ,3- C2 -Methyl -4 , 5- 
dihydroxyphenyl) -alanine , 3- (2-Ethyl-4 , 5-dihydroxyphenyl) - 
alanine, 3- (2-Isopropyl-4, 5-dihydroxyphenyl) -alanine, 3-(2-t- 
Butyl-A , 5-dihydroxyphenyl) -alanine . 3- (2 , 5 -Dime thoxy-4 -methyl- 
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- 2- - : _ ^ . 

phenyl )-alanine, 3-Ethyr-q-me. hyl-t^^ 2-aiaino*-3 ,3- 

diinethylhex-5-enoic acijd, .2-3ninohexa-4,5-dienarc acid, 2- 
*amino-3,3-diinethylhexa-4;,5-dien6i*c acid, 2-aminahepta-4,5- 
dienoic acid, 2~amino-3 ,3-diinethylriona-4,5-dienait acid, 2- 
aminohepta-5,6-dlBnaic acid, 2-ainino-3-methylhepta-5,6-dienoic 
acid, 2-amino-5-t-butyl-6,6-diinethylhefla-3,4-dienoic acid, 
2-ainino-5-methylhepta-3,49dienoic acid, 2-amin3hepfc-4''-en-6- 
ynoic acid, l-hydroxy-B-carboxy-noxleucine, B-carboxy-lysinc, 
B-(3, 4-dihydroxyph*Bnyl)-a-methyl -serine, -S-benzyl-^,2r*diroethy , 
homocysteine, S-benzyl-o,^,2r-trimethyl-horoocysteine, - ^-methyl- 
methionone, a-methyl -selenomethionine, B-methyl-selenomethio- • 
nine, a-methyl-selenomethionine, ^,-^-difluoro-valine, £ 
difluoro-leucinB,^^ -fluoro-allothreonine, B-hydroxy-asparagine, 
g;-hydroxy-isoleucine, B-niethox.y-isoleucine, <i -ami no-2f^( methyl - 
amino) butyric, acid, a-amino-8-(ethylamino)propionic acid,3-Iso- 
propyl-a-methyl -tyrosine, 3-t-Butyl-a-methyl-tyro8ine , 2-Amino-" . 
5-hydroxy-indan-2-caxboxylic acid, 2-Amino-5-methoxy-indan-2- 
carboxylic acid, 2-Amino-5-carboxy-indan-2-carboxylic acid, 

2- Amino-5-chIoro-indan-2-carboxylic acid, 2-Amino-5-bromo- 
indan-2-carboxylic acid, 2-Araino-5-iodo-indan-2-carboxylic acid, 

3- (2,4-Difluorophenyl)-alanine, 3-(3,4-Difluorophenyl -alanine, 
3-(3,5-Difluorophenyl)-alanine, 3r(2,5-Difluorophenyl3-alaninc,' 
3-(2,6-(Difluorophenyl>alanine, 3-(.2,3 ,5,6-Tetrafluorophenyl )- 
alanine, 3-(3,5-J)ichioro-2,4,6-trifluorophenyl>ilanine, 3-'(2,3, 
4,5,6-Pentaflaortiphenyl)-alanine, g-d ,2-Dihyd^o-2-oxo-3- 
p yri dyl ) -alani ne , fi- (1 , 2-Dihydro-2-oxo-4-pyridyl ) -al ani ne , 
B;_{1^2-Dihydro-2-*-oxo-5-]yTidyl)-alanine, B-1 , 2-Dihydro-2-qxo- ; 
6 pyrydiD-alanine, B-(2-Fluoro-3-pyridyl)-alanine, B-(2- 
Fluoro-5-pyridyl)-alanine, B-(2-Fluoro-6-pyridyl )-Alanine, B- . 
(2-Brorao~3-]yridyl)-alanine, B'-(2-Bromo-4-pyridyl )-alanine , B- 
(2-Bromo.5.]yridyl) -alanine, ff-(2-Bromo-6-]yridyl ) -alanine, 
B;-(2-Chloro-3-pyridyl )-alanine, BJ-(2-Chlbro-4-pyridyl )-alanine, 
B-(2-Chloro-5-pyridyl)-alanine, B;-(2-Chloro-6-pyridyl •)-ala- 
nine, *p-(Thymin- , — _ — ; 



1-yl) -alanine. - ^i*- 
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It is further conteaplat«d that 

^ 

Rg C NHRg may be 



selected from among any of the known az&xno ac3.ds o3r es texs otc 
primary amides thereof in ^ohich, vhen is any of CH^* liH2- 
((^2)3, NH2(CH2^A"» CH2S(CH2)2~' benzyl, p-hydroacybeazyl, 3,4- 

s 

dlanethoxjbanzjl, CE^OC- iCB2^ 2' °^ \=^CH2, Kg is selected 
from among CHj, iCE^^2 ^HCH^-*. PhtN(CH2)3. ^^"CH-t^-. benzyl-, 



O 

If 



nitriloaethylene-, CH3-O-C-CH2-, CH^OCHj-, CH^SCTj-. CH2F-, CHF^- 



O 

ffl 



CF3-, CHjCl-. CT^Br-, PhtN(CH2)2) . CH3C-5(CH2)3, HS(CH2)3-, ®* 

((^3)2 CH-CH- 

C-0 

I 

OC2E5 

Ihere are also known aminoacids, and esters or prljnaxy amides 
thereof in which when Rg is hydroxymethyl, R^^ may be methyl, 
ethyl, isopropyl, isobutyl, phenyl, benzyl or methylthioethyl. 
It J-s contemplated that reactants of the general formula 
?a 



d - C - NHR„ wherein 
I I 
•2 



^ is COOH xsay be utilized in lieu of 



Rg-C-NHRg in the coupling reaction with 



'U- 0044: l is 

- OH or its c upling product already described. 

1 1 

In ich cases, R_ 
1 

C - C-HHRg 

may be, e.g. dehydroalanine, oc,^ -dehydropheaylalanine, 
vinylglycine or a knowi compound in which and Bj^ are both 
methyl or ethyl or R "is phenyl or a substituted phenyl group 
such as 3»4 d hnethoxyphenyl and is methyl. In this instance 
various functional groups such as halo^ hydroxy or mercapco 
groups and their -methylene analogs, may later be added t:o one 
or both carbons of l:he unsaturated bond via vell-*knovn and . 
conventional. organic chemical procedures. « 

Many suitable variations in Rg-C-liH2 will readily occxir 

H 

to those of ordinary skill in the art. 

It is to be understood that Rg-C-NHRg, including any of those 

specifically named, may be used as NH2(CH2) -C-COOH in processes 

herein disclosed when 'R^ is H and R2 is COOH. In such cases, R^ 
becomes R^t and Rg becomes Ry and mf»0. 



Compounds Rj^C-COCH or S^C"^^^ M^^t in any of the 
procedures disclosed herein may be selected from known keto 
carboxylic acids, including but not limited to 

pyruvic acid, 

phenylpyruvic acid. 
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3-cyclohexyl-2-oxoprop jn = acid, ' 

6-iBethyl-2-oxoheptanoic ai:id, 
A-methyl-l-oxopentanoic acid, 

2- oxobut7ric acid, 

3- inethyl-2-oxobutyric acid, 
2-oxoglut:aric acid, . 
2-oxoadipic acid, 
2-oxo-4-phenylbutyric acid, 
A-(3-indolyl)-2-oxobuu7ric acid, 
N-acetylai3iaosthyl-2-oxo-4-plienylbutyrate , 
diinethylainijioet±Lyl-2-oxo- A-pheaylbutyrats , 
2-OXO-5 -se thyihexaaoa t e , 
phenoxypyruvic acid, 

phenyl thiopyruvic acid, 

A-p-chlorophenyl-2-oxobutyrata , 

iiidole-3-pyruvic acid, 

2-oxo-3-p-cyanophenyliJropioiiate , 

A-fli-naphthy 1-2 - bxobutyr at e 

A-(3, A,-dichloropheiiyl)*2-oxo*bntyrate, or 

2-oxo-A-p*phenoxyphenylbutyric acid and others readily 

apparent to those of ordinary skill in the art. 

Another versatile nethod for synthesizing the confounds 

of this invention having a carbonyl or hydroxy substituent on 

or lU side chains involves the use of a diasomcthyl inter- 

mediate. See for exann^le, Aldriehimica Acta 3CA). 9.C1970), 

an article available cn request from Aldrich Chemical Co . , 

Milwaukee, Wisconsin 53233, and 3oyer, J.H. et al Chem . Rev , 

£4, 1-57(1954). Typically a carboxylic acid is reacted with 

diazomethane via a mixed anhydride reaction: 

o ' o 

R-C-OH + CH2N2 ^ R-C-CH^-N^ 
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The product is then reacted vith an acid such as HBr r HC , 
in a solvent such as ethyl acetate, t form an-^-halomethy : - 
ketone. 



o 
tt 



R-C-CHj-Br 

This product can then be reacted vith an equivalent o£ 
diethylforiDamidoznalonate, then decarboxylated in aqueous HCl to 
form derivatives of 2-aaino-4*keto carboxylic acid, that is 

o H 

compounds of the formula R-C-CH2-^C00H - 

Sudi compounds o£ the general formula can ^Vx^tt be coupled vith 
compounds of the general formula 0»C-C-N-CH*C-Rg in the presence 

of a reducing agent such as sodium cyanoborohydride to form 
compounds of this invention. Alternatively, RC«CH2-y*C00H 

o IIH2 

can be coupled vith R*-C-COOH to form 

o 



•0 

H^-NH-C-COOH 
COOH 

vhich in turn may be coupled vith Pro in the presence of DCC or 
DPPA to form compounds of rhis invention. 

The diazomethyl intemsdiate can be formed vith virtually 

o 
It 

any carboxylated organic compound, e.g., R-C-OH can be a 
diftmctional amino acid» a trifunctional amino acid, any 
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ciicarbo: lie acid t any carboxylic acid. Appropriate pr - 

tecting groups cay te used as needed. Hydroxy derivatives are 
synthesized by conventional reduction f corresponding keto 
analogs. 

- This type of reaction is especially useful when R 
signifies a HOOC-CH2-, 2OCH2- or YiSZSL^-, it is contemplated in 
such instances that the named functional groups nay be further 
reacted to form esters, thioesters, -ethers, "reverse" esters or 
thloesters, amides or "reverse" amides and the like. 

The congjounds of this invention have one or more asyianetric 
carbons as indicated by the asterisks in the general formula. 
The compounds accordingly exist in stereoisomeric forms or in 
racemic mixtures thereof. All of these are vithin the scope 
of the invention. The above described synthesis can utilize 
a racemate or one of the enantiomers as starting material. 
When the racesiic starting material is used in the synthetic 
procedure or. a racemic mixture results from the synthesis, 
the stereoisomers obtained in the product r?T i be separated by 
conventional chromatographic or .fractional crystallization 
methods. In general, the 'S- isomer with respect to the carbon 
bearing constitutes the preferred isomeric form. Also the 
S- isomer with respect to the carbon bearing is preferred, 
as is the S- isomer of the carbon bearing R^. 

The co^jounds of this invention form basic salts with 
various Inorganic - and organic bases which are also within the 
scope of the invention- Such salts include ammonium salts, 
alkali metal salts like sodium and potassium salts Cwhich are 
preferred), alkaline earth metal salts like the calcium and 
magnesium salts, salts with orgmic bases, e.g., dicyclohexyl- 
amine, benzathine, K-methyl-D-glucamine, procaine salts. 



00« 3159 

salts with amino acids like argini. /sine u\d the like. 

The n n-t xic, physi logically acci >t; :»le sales are preferred. 

The salts are formed in convex: zional manner by reacting 
the free acid form of the pr duct vith one r more quivalents 
of the appropriate base providing the desired cation in a 
solvent or mediun in which the salt is insoluble, or in water 
^ryA removing the water by freeze drying. By neutralizing the 
salt with an insoluble acid like a cation exchange resin iii 
the hydrogen form (e.g., polystyrene sulfonic acid resin likfr 
Dovex 50) or with aqueotis acid and extraction with an organic 
solvent, e.g., ethyl acetate, dichloromethane or the like, 
the free acid form can be obtained, and. If desired^ another 
salt formed. 

Additional experimental details are found in the examples 
which are preferred embodiments and also serve as models for 
the preparation of other members of the group. 

The compounds of this invention inhibit the conversion ^f 
the decapeptide angiotensin I to angiotensin II and therefore 
are useful in .reducing or relieving angiotensin related 
hypertension. The action of the enzyme- renin on angiotensinogen , 
a pseudoglobiilin in blood plasma, produces angiotensin I. 
Angiotensin I is converted by angiotensin converting enzyme 
(ACE) to angiotensin II. The latter is an active pressor 
substance which has been implicated as the causative agent in 
various forms of hypertension in various mammalian species, e.g., 
rats and dogs. The compounds of this invention intervene in 
the angiotensin ■ ^^"^^^-^ > angiotensin I — i^^I^ angiotensin II 
sequence by inhibiting angiotensin converting enzyme and reducing 
or eliminating the formation of -tbe pressor substance 
angiotensin II. Thus by the administration of a composition 
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including their physiologically acceptable aalts, angi tens in- 
dependent hypertension in the species of maisial suffering 
therefrom is alleviated. A single d se, r in some cases up to 
two to four divided daily doses « pr vided on a basis of 
about 0.03 to 20 mg. per kilogram per day» is appropriate to 
' reduce blood pressure. The substance is preferably administere* 
orally , but parenteral routes such as subcutaneous/ intramuscuL 
intravenous or intraperitoneal can also be employed* 

The compoxmds of this invention can be utilized to achieve 
the reduction of blood pressure by formulating them in 
compositions such as tablets » capsults or elixirs for oral 
administration .or in sterile solutions or suspensions for 
parenteral administration. About 10 to 500 mg. of a compound 
or mixtrnre -of compounds of formula I, including the physiologi- 
cally acceptable vehicle, carrier, excipient, binder, preserve-* 
tive, stabilizer, flavor, etc., in a unit dosage form as called 
for by accepted pharmaceutical practice. The amotznt of active 
substance In these compositions or preparations is such that 
a suitable dosage in the range indicated is obtained. 

Illustrative of the • adjuvants vhich may be incorporated 
in tablets, capsules and -the like are the following: a binder 
such as gua tragacanth, acacia, com starch or gelatin; an 
excipient such as dicalcisi phosphate; a disintegrating agent 
such as com starch, potato starch, alginic acid and the like; 
a lubricant such as magnesium stearate; a sweetening agent sucl* 
as sucrose,- lactose or saccharin; a flavoring agent sxxch as 
peppermint, oil of wintergreen or cherry. When the dosage 
unit form is a capsule, it may contain in addition to materials 
of the above type a liquid carrier such as a fatty oil. 
Various other materials may be present as coatings or to. 
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Instance, tablets : y be coat :d vtih shellac, sugar or both. 
A syrup or elixir i.wy contain the active compound, sucrose as 
a sweetening agent, methyl and propyl parabens as preservatives, 
a dye and a flavoring such as cherry or range flavor* 
Antioxidants may also be added. Suitable antioxidants are 

tocopherol nicotinate, vitamin A, C, £ and analogs of vitamin 
£ Icnovn in the art, re.tinal palmitate and other antioxidants 
Icnown in the art as food additives such as the gallates. 

Sterile. compositions for injection can be formulated 
according to conventional pharmaceutical practice by dissolving 
or suspending the* active substance in a vehicle such as 
water, a naturally* occurring vegetable oil like sesame oil, 
coconut oil, peanut oil, cottonseed oil, etc., or a synthetic 
fatty vehicle like ethyl oleate or the like. Buffers 
preservatives, and the like can be Incorporated as required. 

The present invention will be further described by the 
following examples. All temperatures are in degrees Celsius 
unless otherwise indicated. Molar equivalents of the react ants 
are usually utilized. 
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Synthesis of K- Cl-carbo3ry-3-keto-S-phenvlT'«ntvl)-Al; 
thiazolldine-2'-earboxylic add 

A. Hydrociimanic acid, AO^moles, in ethyl acetate is 
reacted at -30 *C with diazoaethane via the nixed anhydride 
reaction to yield l-dia20-2-keto-A-phenylbutane. The latter 
compound is converted to the desired product on reaction with 
RBr in ethyl acetate, and the product l-brcmo-2-keto-4 
phenylbutane is isolated by fractional crystallization. 

B. The product of Step A, 10^ moles, ia ethanol is reacted 
vith diedxylfozBiamidcaialonate, 10^ moles, in tiie presence of KI, 
10 moles, and sodium ethoxide, 10 moles, at reflux temp for 
10 hours. The resultant confound is decarboxylated in 6N HCl. 
The product, the HCl salt of 2 anino-4-keto-6 phenylhexanoic 
acid, is isolated by crystallization from H20/ethanol. 

C. The product of -Step B, 20 moles, in ethanol/B20 
containing molecular sieves and 2 equivalents of NaHCO^, is 
reacted with 200 moles of pyruvoyl-L-thiazolidine-A- 
carboxylic acid in the presence of 22 moles of sodium 
cyanoborohydride for 24 hrs. at room temperature. The desired 
product , K- (l-carboxy-3-kato-phenyl-5pentyl) -Ala-L-thiazolidine- 
4-carboxylic acid, is obtained by conventional chromatography. 

Tvy^mple 2 

Synthesi s of N- (l-carboxTr-i-aethyl-S-keto-S-phenYl-pentyD-Ala- 
L-thiazoltdine-A-carboxylic acid 

A. Hydrochloride solution of the methylester of 2-amino-A- 
keto-phenyl hexanoic acid, from Step B, Example 1, 30/mols and 
6.36 g. (60 m. mols) of freshly distilled benzaldehyde in 
20 m. of methylene chloride is cooled to 0"C. and there is 
slowly added a solution of 3.03 g. (30 m. mols) of triethyl 
amine in 7 ml. of methylene chloride. The reaction mixture is 
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allowed :o stand overnight at r oa temperature with stirring. 
After xtaaoval of the solvent, the residue is taken up in ethyl 
acetate. The oil is washed with water and saturated s dina 
.chloride and then dried over magnesium sulfate and concentrated 
to give the msthylester of 2-(bBnzylidene amino) -4-keto- 
6-phenyl-hexanoic acid. 

B. To a solution of lithium diisopropyl amide (20 m. -r^ 
mols) in tetrahydrofuran, cooled to -73*C. and magnetically 
stirred under a blanket of nitrogen, is added a solution 

of 18 m. mols of the methylester of the product of Step A 
hereof in 30 ml. of tetrahydrofuran. At the end of the 
addition, the cooling bath is replaced by ^ warm water bath. 
When the temperature of the reaction mixture reaches 40* C. 
the nitrogen Inlay is replaced by an expandable ballon. 
The reaction mixture is then saturated with lodomethane 
by passing a rapid stream of lodomethane through the solution 
while the temperature is maintained between 40'' and 50*C. 
After the mictnre is slurried for one hour under a freon 
atmosphere, the mixture is quenched with brine and extracted 
with ether to give — the-nethylester of 2 methyl-2-(banrylidene 
amino) -4-keto-6 phenyl acid. 

C. A mixture of the product of Step B in 10 ml. of 
ether and 55 ml. of-2H aqusjcr^s HCl is vigorously stirred 
at room temperature for three hours. The aqueous phase 
is decanted, washed -with ether and concentrated In vacuo. 
The crystalline residue .is washed with methanol and ether 
to give the methylster of 2-amino-4-keto-2-methyl-6-phenyl 
hexanoic acid. 
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E raoles 3 - i 
Exaaple 1 is repeated sev ral tlaes, substituting for 
pyruvoyl-L-thiazolidine -4-carL jxylic acid in step C an acid 
as shown in colxssn A. The product is analogous to that of 
Sxasple 1 but has the g^roup shown in colunn B: 



Example .A S 



4 



3-phenylp7ruvo7l-L- y~~~\ 
thiazolidine-4-Carboxylic acid (/ 

-keto-4-phenylbut7r7l-L- V^^-CS C3 

thia2olidine-4-carboxylic acid \=/ 2^^' 

5 -keto-glutaryl-L-thiazolidine- HOOC-CH-CH, 

4-carboxylic acid w**2«-n2 

B^nples 6-8 

Example 2 is repeated several times, substituting for 

pyruvo7l-L-thia2olidlne-4-carboxylic acid in Step B thfe acids 

of Exanples 3-5. Each of the products differs froa the 

analogous product of Exanples 3 -5 respectively in that Ro- 

8 

meti^l in each of them. 

Ex3giDles9 - 102 

Example 1 is repeated a number of times, substituting for 

Exa=?le 1 xs repeated e n:=nber of times, substituting for 

pryuvoyl-L-thiazolidine-4-carboxylic acid in Step C an acid as 

shown in Coluam A. The product in each instance contains the 
0 

CH2-C-(CH2)2-(2) 
H-C— H— CH- C- 

I I » 



COOH CH3 0 



-35- 
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group of Exanxple 1, but t is -! 
column B: 



-C -C-Rr moiety Is as sh vn 



Ex. Bo. 



9 - pyruvoyl-L-Pro 



10 - pyruvoyl-L- Glu 



11 - pyruvoyl-A-keto-L-Pro 



12 • pyruvoyl-3-lceto*L-Pro 



13 - pyruvoyl-4 hydroxy-L-Pro 



14 - pyruvoyl 3 hydroxy-L-?ro 



B 



-K CH-COOH 



op 

.,i CH-i 
CH-i 

rr 

-M CH-COOH 

OH 

-N CH-COOH 

-II CH-COOH 



COOR 



COOH 



15 - 



pyruvoyl-L-a2etidine-2-carbox7llc -K- 
acid 



I-COOH 



16 - 



17 - 



18 - 



19 - 



pyruvoyl-L-pipecolinic acid 
pyruvoyl-A-inethox7-L-?ro 
pyruvoyl -A-broao -L-?ro 
pyruvoyl - 3 -oe thoxy-L-Pr o 



/ 

-N CH-COOH 

-N CH-COOH 



t« ( 



-K -CH-COOH 



-N CH-COOH 
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Ex. Ko. 



B 



20 - p3nruvoyl-4-brouio-L-Pro 



21 - pyTUvoyl-3-f luoro-L-Pro 



22 - pyruvoyl-5-fluoro-L-Pro 



23 - pyruvoyl-5-isetho3cy-L-?ro 



24 - pyruvoyl-5*h7dro3cy-L-?ro 



25 - pynivoyl-S-iodo-L-Pro 



26 - pyruvoyl-5-broino-L-Pro 



27 - pyruvoyl-5-chloro-L-Pro 



2A - pyrnvoyl-A-chloro-L-Pro 



29 - pyruvoyl-A-fluoro-L-Pro 



30 - pynivoyl-4-iodo-L-Pro 



31 - pymvoyl-3-chloro-L-Pro 



32 - pyrtJvoyl-3-f luoro-L-Pro 



33 - pyruvoyl-3-todo-L-Pro 



-H CE-COOH 



-N tH- 



COOB 



COOH 



-H CH-COOH 

-N — CH-COOH 
-H — CH-COOH 



-H — CH-i 



COOH 



>B — CH-COOH 
-H — CH-COOH 

-N CH-COOH 

-N — CH-COOH 

-N CH-COOH 

-K — CH-COOH 
-N CH-COOH 



B 
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3A - pyruvoyl-3-hyaroxy^Glii 

35 - pyruvoyl-3,4-dihydroxy-L-Pr 

36 - pyruvoyl-3,5-difluoro-L-?ro 
, 37 - pyinxvoyl-3,A-diodo-L-?ro 

38 - pynivoyl-4»5-dichloro-L-?ro 



•N CH-COOH 

-K — CH-COOH 
-N — CH-COOH 
-H — CH-COOH 
>COOH 



39 • pyruvoyl-3-chloro-4-brotto-L-Pro -H — CH-COOH 



40 - pyruvoyl-3,5-dibroino-L-?ro 



*-H CH-COOH 




41 - pyruvoyl-3-f luoro-5-?hydroxy-L-Pro -N — CH-COOH 

42 - pyruvoyl-3-chloro-4-hydro3cy-L-Pro -N — CH-COOH 

-H — CH-COOH 
-N CH-COOH 



43 - pyruvoyl-4-Tasrcapto-L-?rcf 

44 - pyruvoyl-3-thio-L-?ro 

45 - pyruvoyl-3-thioso-L-Pro 

46 - pyTuvoyl-4-thioxo-L-?ro 

47 - pyruvoyl-5-thio-L-Pro 

48 - pymv yl-5-thioxo-L-Pro 



-N — CH-COOH 

\ 

-N — CH-COOH 

-N CH-COOH 

-N — CH-COOH 
If 
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B 
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50 - pyruvoyl-N — CH-COOH 

51 - pyruvoyl-H— CH-COOH 

^ 

52 - pyruvoyl-N — CT-COOH 



o 

-N CH-COOH 

-N— CH-COOH 



53 - pyruvoyl 



-K— CH- 



COOH 



54 - pymvoyl-N — C3-C00H 



55 - pyruvoyl-3-carboxy-L-?ro 

56 • pyruvoyl*4-phenylthio -L-Pro 



COOH 
-K— CH-COOH 
-H — CH-COOH 
-N — CH-COOH 
-N — CH-COOH 

57 - pyruvoyl-5-hydro3cyphenyl-L-Pro -H — CH-CODH 
• 58 - pyruvoyl-3-phenox7-L-Pro -H — CH-COOH 

I 59 - pyruvoyl-S-bearyloxy-L-Pro -H — CH-COOH 

-keto-L-Pro -H — CH-COOH 
--NH-C-HH, 

-H— CH-( 



60 - pyruvoyl-3-Eeth7lthio-5 
. 61 - pyruvoyl-A-guanidino-L-Pro 



m 

-COOH 



62 - pyruvoyl-3-aminomethyl-L- 
pipecolinic acid 



I 63 - pyruvoyl-A-netbylthio-L-- 
pipecolinic acid 



-ll— ^H-COOH 




.-H — CH-COOH 
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B 



64 - pyrwoyl-3-Bethylauin -L-Pro -^^^-COOH 
65- pyruvoyl-5-phenyl-L-Pro ^-iCcH-COOH 

66 - pyruvoyl-4-propyl-L-Pro -N^^-COOH 

67 - pyxuvoyl-3-aethyl-L-Pro -H — CH-COOH 

68 - pyruvoyl-A-nethylene-L-Pro . -N^CH-COOH 

69 - pyruvoyl-3-beazyloxy-4-keto-L-Pro -N^ CH-COOH 

70 - pyruvoyl-A-benzylthio-3-keto-L-Pro -N- CT-COOH 

71 - pyTtwoyl-5-acetcocy ^''^ *-^--l:H- 



COOH 



72 - Pyruvoyl.3 . A-dihydrosr-L- -A - b-cOOH 

azetidane-2-carbo:cylic acid 



73 pyruvoyl-3-hydroxy-L-azetidine-2- -A - CH-COOH 
carooxylic acid 

1 



77 - 



78 - 



pyruvoyl-3 , A-dixnethoxy-L- 
a2etidiae-2-carboxylic acid 



'J048 

-K- -CH-COOH 



a- 



pyruvo7l-3-chloro-L-azetidine-2- -H CH-COOH 

carboxylic acid 



79 - 



80 - 



pyruvoyl -3- chlor o-4-f luoro-L- 
a2etidine-2- carboxylic acid 



-N — CH-COOH 



^1 f 

pyruvoyl-3 , 4-dif luoro-L-azetidine -N — CH-COOH 
carboxylic acid 



81 - pyruvoyl-S-bromo-A-chloro-L- 

azetidiiie-2- carboaqrlic acid. 



82 - pyruvoyl-3-hydroxy-4-iodo-L- 
azetidine carboxylic acid 



83 - pyruvoyl-3-iodo-4-brono-L- 

azetidine-2- carbo:grlic acid 



84 - pyruvoyl-3-chloro-4-iodo-L- 

a2etidiiie-2- carboxylic acid 



85 - pyruvoyl-3, 4 difluoro-Pip 

86 - pyruvoyl-4,5 dichloro-?ip 

87 - pyruvoyl-5,6 diiodo-Pin 

88 - pyruvoyl-3, 5 dibromo-Pip 



-N — CH- 



COOH 



-N CH-COOH 

-N — -CH-COOH 



-H— CH-COOH 




-N CH-COOH 



89 - pyruvoyl-4-chlero-6-fluoro-Pip -k CH-COOH 
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Ex. No. A 

91 - Pyruvoyl-5-f luoro*6-inethoxy-Pip 

92 - pyruvoyl-A-phenoxy-Pip 

93 - pyruvoyl-4,5-dihydrb3cy-Pro 

94 - pyruvoyl-3,5-dihydroxy-Pro 

95 - pyruvoyl-3,4-diiaethoxy-Pro 

96 - pyruvoyl~3-iodo-5-inethoxy-Pro • 

97 - pyruvoyl-3-inethoxy-5-broma-Pro 

98 - pyruvoyl-A-inethoxy-5 chloro-Pro 

99 - pyruvoyl-5-inercapto-?ip 

100 - pyruvoyl-6-xaercapto-Pip 

101 - pyruvoyl-A-mercapto-Pip 

102 - pyruvoyl-3-iaercapto-Pip 



B 



N-CH-COOH 



\ 

M-CH-COOK 

-K'CHCOOH 

-M-CHCOOH 
eci>3 

- -N-CHCOOH 
-N-CHCOOR 
-N-CHCOOR 
-N-CHCOOH 



^J-^COOH 



-N-CHCOOH 
-sM 

< > • 

N-CHCOOH 
-N-CHCOOH 
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Exanples 9-102 are each rcpeatt d using each f the 
phenylpyruvoyl analogs of each of the pyruvoyl compounds used 
In Sxaaples 9-102. In each instance a coxnp und is obtained 
vherein R, lu 

Rg-C-N-(CH2)jjj-:C-C corresponds to 

.0 ^ ^ ■ 

HC— N— CH— C- and the -N-CH -C-R^ 
COOH CH^^'* 

moiety is the B moiety t)f the exao^le being repeated. " 

Exanples 193-290 
Exaaqples 9-102 are again each repeated using each of the 
2-keto-4 phenylbutyryl analogs of the pyruvoyl compounds of 
Examples 9-102. In each instance a compound is obtained 

^IH H^** 
vherein Rg-C-H-CCH^Jjjj-C-C- corresponds to 

J, ^ ^7 

CH2-C-(CH2)-<^ o f4 f5 o 

HC HH CH C- and the -H— CH — CR^ 

COOH (CH2)2^ 

moiety is the B moiety of the particular example repeated. 

Exanples 291-384 
Examples 9-102 are each again repeated, replacing the 
pyruvoyl compounds of Examples 9-102 vith their respective 

=^-keto glutaryl analogs. In each Instance the compound obtained 

o 

f 2-C-CCH2)2 

contains the structure HC NH •CH C- 

COOH (te^i C-OH 
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and the -N CH^ ^"-^5 moiety corresponding t B f the 

repeated exaaple. 

Example 385 

Treatment of any of the intermediate prodxxcts from 
Step B of Examples 9-384 according to Example 2 pr duces the 
1- methyl derivatives of each of the final products of 
Examples 9-384 respectively. 

Examples 386-410 

Example 1 is repeated a number of times « substituting 
for hydrocinnamic acid each of the acids fro m Column A below, 
yield a product of the general formula 

HC NH CH C N ^CHCOOH 

i 

COOH 

vherein is in each case as shox^n in Coluim B. 

Ex. Column A 

386 benzoic acid 

387 p-hydroxybensoic acid 
.388 p-methoxybenzoic 'acid 

389 o-hydroxybenzoic acid 

390 p-fluorobenzoic acid 

391 m-bromobenzoic acid 

392 m-bromopheny lace tic acid 

393 2-pher:ylprcpanoic acid 
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Colui ji ^ Coli=n B 

aceti acid -C212-C-CH2 

propanoic acid -CH2-C CH^ 

o 

butyric acid -CH2-C- (012)2 ^3 

o 

isobutyric acid -CH2-C-CH-(CH2)2 

o 

pentanoic acid -CH2-C-(CH2)2 CH3 

o . 

isopentanoic acid *CH2-C*-CH2 CH-CCH^)2 

o 

2 aminoacecic acid -CH2-C-CH2NH2 

o 

3 aninopropanoic acid -CH2*C-CH2 CH2 IJH2 



3-hydroxypropanoic acid -CH2-C-CH2CH2OH 

o 

cyclopentanecarbozylic acid -CH2*C-^^ 

o 

cyclobexanecarboxylic acid -CH2-C-^^^ 



3 , 3-di2DethyiH=iii:ooropanoic -CH-,-C-CH-,CH-N 
acid " ^ 6h 



/ 3 



3 



S-methylthiopropanoic acid -CH^-C-CH^-CHoSCH, 

^11 z z o 



3-ethylthiopropanoic acid -CH2-C-(CH2)2-S-CH2CH2 
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Ex. Colisnn A * C 1 sn B 



408 



A09 



phenoxyaceclc acid -CH2 ^C-CH2*0'^o^ 

o 

benzyloxjacetic acid -CH-C-CH20CH2-^^^ 



410 phenylamlnoacetic acid -CH2^C-CH2KH-^0^ 

o 

Anjc^. -amino group-containing diaioino acid may be iised in 
Step B if an appropriate protecting group-e.g.^ Boc or Cbo is 
first reacted therewith. In such a case, the amino group formed 
in Step B of the procedure must be reprotected prior to reaction 

with o ^t; « 

'^C — C — H CH — C— Rg as in Step C. 



Procedures for deprotection of l^B^ S^oups, veil knovn in the 
art, can be used after Step C. 

In addition, any of the pyruvoyl, phenypyruvoyl,^-keto-4- 
phenylbutyryl or glutaryl cosrooimds of Examples 3*5 and 9-385 
may be substituted for pyruvoyl-thia2olidine-2-carboxylic acid 
in each of Sxax^les 386*410. 

Zxamcple 411 

Synthesis of n-(l-carbo:rv-2-benzylthiD-2,2-dimethvl-ethyl)- 

e<-methyl-Ala-'L-Pro-amide 

3.2 g. of powdered molecular sieves are added to a solution 

of 5 mmoles of 3-ben2ylthio-3,3-dimethylpyruvic acid and 1 mmole 
o<-methyl-alanyl-L-proline amide in. 10 ml of ethanol.and 5 mmoles 
of NaHC02 in water. The misture is stirred for 30 minutes, and 
then 130 mg. of sodium cyanoborohy-dride in 2 ml of ethanol 
is added dropwis with stirring over 4 hours. 
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5 ives are removed by filtration. S Ivcnt is removed under 
Vc :uum and the product is dried ver HaOH and P2^5 P^H^^s in a 
vacuum desiccator. The named compoxind is' btained in pure f ra 
by conventional chromatography. 

Example A12 

Synthesis of N*CL-l-methoxycarbonyl-2-p>benzvloxphenethvl)-Ala- 
L-Pro*methyl ester 

The HCl salt of O-benzyl-L-tyrosine methyl estsr (2 mmols) 
in 7 ml of absolute ethanol plus 0.25 ml of water vas mixed 
with 2 mmols of NaHCO^. To this solution was added 10 xnnols, of 
H-pyruvoyl-L-proline methyl ester plus 3.2 g. of powdered 
molecular sieves. The mixture was stirred for 30 xainates 
then sodium cyanoborohydride, 130 mg. in 2.5 ml of absolute 
ethanol, was added dropwise, with stirring, over a period of 4 
hours at room temperature. The mixture was stirred overtiight. 
The molecular sieves were removed by filtration and the 
precipitate was washed with a small amount of ethanol. - The 
solvent fros the combined filtrates was removed under reduced 

pressure to yield an oil. Part (0.38 g.) of the crude product 

I 

was purified by partition chromatography (1.2 x 98 cm. column) 
with Sephadex G-25 equilibrated butanol/acetic acid/H^O^ArlrS 
by volume). The product (277 mg.) was eluted with upper phase. 
The recovered material was further purified on Sephadex LH-20 
(2.2 X 100 cm. column), equilibrated and developed with 
tetrahydrofuran/iacpropanol (3:7 by vol.). 

Example 413 

Synthesis of N*(L-l-carboxy-2-p-benzyloxvT)henethvl)-Ala>L-Pro 

The product of Example 412, 330 mg., was saponified in 
1.5 ml. of 1 M KOH in methanol at room temperature for 1 hour. 



.^f, 0048159 

The crude product vas purified by ptvtiti n cb .ography as 
described in Exanple A12 (Sephadex G-25 step). a partially 
purified product vas btained in apparently pu: iom by 

hromatography n Dowex 50W-X8 CI. 2 x AS cm. cc ijcn) eluted with 
27# pyridine. 

Exaigple 414 

Synthesis of M"CL-l-carboxy^2-p-hydroxyphenyletbyl)- 
Ale-L-Pro 

The product of £xasq)le 413, 10 ing. in 1.0 ml. methanol. . 
was hydrogenated for 5 hours at room tezziperature uith hydrogen 
gas at 10 psi and with 10 mg. of lOlL palladium on carbon as 
catalyst. The catalyst was removed by filtration » and solvent 
was removed with a rotary -evaporator; The material was further 
purified by chromatography on Sephadex 6-10 (1.2 x 99 cm.), 
equilibrated and developed with 2X pyridine. The. desired 
product was obtained in a yield of '5.8 mg. 

Example 415 

Synthesis of H-[L"l-carboxy-2-(p-hydroxy-3-iodo-phenyl)* 
ethyll -Ala-L-Pro 

To a 12 X 75 mm. polypropylene tube was added 2.2 mmols 
of lodogen CP^^^ce Chemical Co.) in a 1.0 ml of dichloromethane . 
As the tube -vas rotated, the solvent was removed with a stream 
of dry nitrogen. The product of Example 414, 1.02 mg., and 
sodium iodide, 37 micrograms, were dissolved in 1 ml. of 0.05 
M sodium phosphate buffer, pH 7,4, and the solution was trans- 
ferred to the polypropylene tube. The tube and its contents 
were left in an ice bath for 10 minutes with occasional mixing. 
The solution containing the desired product was then transferred 
to a 12 X 75 mm. glass culture tube. 
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Alternatively, the named coapound can be obtained 1 . 
substltutdLng 3-1 do-L-tyroslne methyl ester for O-benzyl-L- 
tyroslne methyl ester in the proc dure of Example A12. The 
dimethyl esters of the resulting product are removed by 
saponification in 1 H KOH In methanol at room temperature for 

1 hour. The named compound la obtained by chr cma togr aphy over 
a column of Sephadex G-10 equilibrated and developed vlth 2Z 
pyridine. The dry powder la obtained by lyophlllzatlon. 

-Errarole A16 

Synthesis of N-Cl^carboxT-2-hydrory-2-pDenylethyl)-Tyr-4- 
hydroxy*L-Pro-t-butvl ester 

3.2 g. of powdered molecular sieves are added to a solution 
of 2 mmols of -phenylxevlna end 1.0 mmols of N-C2-o3co-3*pt 
hydroxyphenylpyruvoyl)-L-4-hydroxy-Pro-t-butyl ester In 7 ml. of 
absolute ethanol with 2 snols NaECO^ ^ter. The mixture Is 
stirred for 0.5 hours. Sodium cyanoborohydrlde, 130 mg. In 

2 ml. of absolute ethanol, is added dropwlse with stirring over 

8 hours. The mixture is stirred overnight. The molecular 

sieves are removed by filtration and are washed with ethanol. 

The solvent is removed under reduced pressure. The residue Is 

triturated with diethyl ether at 0*C. » and the product Is 

dried 

collected by filtration. The product is -dired- over KaOH and 
F20^ in a vacuum desiccator. The named compound is obtained by 
conventional chromatography. 

Example 417 

STnrhesis of N-(l-carboxy-2*hydroxy-2"phenethvl)-Tvr-L-Pro 

The product of Example 416 is dissolved in 3 ml. of 
anhydrous trlf luoroacetlc acid. After 30 minutes at room 
temperature, the solvent is removed t yield the named compound 
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Example A18 - - 
Synthesis o II (1 - e thoxycarbonyl -2 -hydroxy ■ 2 *pheny 1 e thy 1 ) > 
Tyr-L-Pro-t-btity! ester 

By substituting the ethyl ester of ^ phenylserine for 
/S phenylserine in Example A16. the named compotmd is obtained. 

Example 419 

-r^ Synthesis of N-(l-ethoxycarbonyl-2*hydroxy-2-phenethyl)- 
Tyr-L-Pro 

The product of Example 418 Is dissolved in anhydrous 
trifluoroacetic acid at room temperature. After 30 minutes the 
trif luorcacetic acid Is removed vlth. a rotary evaporaror imder 
high vacusi ro yield the named compound. 

Example 420 

Synthesis of N-(l-carboxy-2-hydroxy-2-phenylethyl)- 
Tyr-L-?ro*t -butyl ester 

The product of Example 418 is dissolved in 3 ml. of 0.5 K 
HaOH in ethanol. After 1 hour at room temperature, the solution 
is neutralized, and the named compound is recovered by 
.conventional chromatography. 

Exp^le 421 

Synthesis of W-(L-l-et:hD3cycarbonyl-2*hydroxybutyl)-Trp* 

o<-pethyl-L-Pro-t-buryl ester 

^-hydrDxy-L-norvaline-c<- ethyl ester, 2 mmols, is dissolved 

in a solution of 10 nrois of N-(3-indole-pyruvoyl)-o<-methyl-L- 

proline-t-butyl ester in 10 ml. of absolute ethanol. Powdered 

molecular sieves 3.2 g., are added with stirring. After 30 * 

minutes, 130 mg. of eodiimi cyanoborohydride in 2.5 ml. of 

absolute ethanol is added dropvise over a period of 4 hours. 

.*• 

The mixture is stirred at room temperature overnight. The 
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filtrate is removed by evaporation landc..; high vac^ aa. The 

desired compotmd is obtained by convenrional chron.itography. 

Exaisple A22 

Synthesis of N>(L-l-ethoxycarbonyl-2-hydroxybutyl)- 
Trp-tt-methyl-L-Pro 

The product of Exainple 421 is treated x/ith anhydrous HF 
in the presence of enisole to yield the naned compound. 

Example 423 -r^ 

Synthesis of N"(L-l-carbo3cy-2-hydroxybutyl)«Trp-c<> 
methyl-L-Pro 

The product of Example 422 is saponified in 1 H ROH in 
methanol under argon for 1 hour to yield the named campound. 

Example 424 

Synthesis of N-(l-carboxy-2->mercapto-2,2-dimethylethyll-g < 
-methyl -Ala-L-Pror amide 

The produc-t HCl-carboxy-2-ben2ylthio-2/2-dimethylethyl)-oC 
-methyl Ala-L-Pro-anide obtained in Exanple 411 is treated x^ith 
anhydrous EF in the presence of anisole to yield the named 
compound* 

Exagple 425 

Synthesis of K-d-aathTl-l-phenylthiocarbonyl-m-nitro-p- 
hydroxy->phenylethyl)-N -3oc-Ly5-L-2,3- A-Pro-t-butyl ester 

By substituting H-Ci -3oc-amino-ar.Qxohexanoyl)-2 ,3-dehydro- 
L-proline-t-butyl ester^ and l-methyl-3-nitro-L-tyrosine-«<-thio- 
penyl ester as reactents in the procedure of Example 415; the 
named conpound is obtained. 

Example 426 

Synthesis of N"(l*methyl-l-l*thiocarbonvl-P-nitro-^- 
hydroxy?henyl-ethyl)-y "Boc-Lys-'2,^id-L-Pro-t-butyl ester 

The product of Example 425 is treated with NaSH to yield 



0048159 

• Exanfpltf W ; 
• S »th 'si of 'fr-r(.1--:teethVl-l->thlocalrboxv^^^ ' 
h - Jroxy-phenvl eth yry-^V9'--V-Pro 

The product of Example 426 is issolved in anhydrous 
trifluoroabetic acid in the presence of anisol and allowed 
to stand for 30 minutes, to yield the named compound. 

Example' 42B ' 

Synthesis of .N^'(1'-methVl'-^Hjhenylthi'oc'arbonyl'--ro- { 
. ni'tt^^d'-fr'-hydroyVphenVl'fe^hyl')'-tys'>2\3-dehy^^^ ' 
proline' * 

The product of Example 425 is treated with trifluoro- 
acetic acid as in Example 427 to yield the desired compound. 

Example 429' 

Synthesis of N^'d^carboxV-l'-methyl'-m-nitro-p- , 
ti ydyoxVphenyl'ehtvr)'^-mu''->'(y-t'-^^ 'e8^e^ ) -3'-h ydr oxy- 
L-P roll ne-t-^butyl '-ester ' * ' 

Through the procedure of Example 416, o-raethyl-m-nitro-L 
tyrosine is reacted with N-(5-Boc-amino-2-axoglutaryr)'-3- • 
hydroxy-L-proline diphenyl methyl ester to yield the named 
compound. 

Example 430 

Synthesis of N^(1 -car boxy-T -'methyl -m-ami-no-pw * 
h ydroxyphenyl ethyl •-Tnu'(y-t"-butyl 'ester ) -3'-hydrPxy- 
L-proline-t-^butyl' ester * 
The product of Example 429 in ethanol is hydrogenated, using 
10S palladium .on charcoal as catalyst, in hydrogen at '50 psi 
for 3 hours. The catalylst .is removed by filtration, and 
solvent is removed under reduced pressure to yield the named 
compound. 

Example' 431 : 
Synth e'si SUP r W- (1"-c a rT)Oxy-T -"methyl -m-amlno-'p - ; 
hydroxy-phenylethyl )-GlU-3-hVdroxy-L-yro' *' 
The. product of Example 430 is dissolved in anhydrous 
trifluoroacetic acid. After 30 minutes at room temperature, 
solvent is stripped to yield the named compound. 
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I xaople_£3:. - ^3 — 

Synthesis f N- (l-carb oxy-l-aethvl-n-nitro-p-hydroxy- 
ph eny 1 e thvl ) - Glu - 3 - hy droxy-L-Pro 

The product of Exsaple 429 is dissolved in anhydrous 
I trifltioroacetic acid. After 30 minutes at room temperature, 
trifluoroacetic acid is removed under high vacuian to yield the 
desired product. 

Exan^le A33 

Synthesis of N-fl-carhoxv-2.2 ,2-trimethvlethyl )-ro- 
bengy3)-Tv r-2-fluoro-L>Pro ethyl ester 
ij By reacting L-tri-leucine vith benzyloxyphenylpyruvoyl-2- 

fluoro-L-?ro ethyl ester according to the procedure of 
Example A16, the desired compound is obtained. 

Example 434 

Synthesis of N-(l-carboxv-2 .2.2-triaethylethyl)-TYr-2- 
fluoro-L-Pro ethyl ester 

The product of Sxaicple 433 is hydrogenated with lOZ 
palladium on charcoal as catalyst and with hydrogen at 15 psi 
for 3 hours. -The catalyst is removed by filtration to yield 
Che named compound. 

Example 435 

Synthesis of N-fl-carbo3cv-2.2, 2-trimethvlethyl)>0-benzTl> 

The product of Example 433 is saponified to yield the 
desired compoxmd. 

Example 436 

Synthesis of N -ri-carboxv2,2.2-trimethylethyl)-Tvr-2- 
f luoro«L"Pro 

The product of Example 434 is saponified to yield the 
named compound . 
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ExaiBple A37 

Synthesis of K-d-ethoxvcarbonvl-S-phenylpropvD-DL-Ala' 

pyTOglutaaie acid 

A. L-pyroglutamic acid (35 aanols) is suspended in a 
mixture of 35 ml. of propylene oxide and 210 ml. f dry ace- 
tonitrile at room temper ature for 15 minutes. Pyruvic acid 
chloride (36.8 mmols) is added and the reaction mixture Is 
stirred for about 12 hours. The laiySttre is then chilled in an 
ice bath and slwly treated vith 35 ml. of 1 N HCl and stirred 
for 5 minutes. Acetonitrile is then removed In vacuo and the 
I resulting residue -Is dissolved in 500 ml. of ethyl acetate. 
The organic phase is washed several times vith 50 ml. portions 
of vater and then with saturated NaCl solution. The product 
is dried over anhydrous MgSO^ and then any residual solvent is 
removed in a rotary evaporator. The resulting product is 
K-pyruvoyl-L-OSlu . 

B. A solution of L-homophenylalanine ethyl ester 
(10 mmols) , N-pyruvoyl-L-pyroglutanic acid (50 mmols) in a 

•.mixture of 20 ml. of water and 50 ml. of .p-dimcane is prepared. 
'iThe pH is adjusted to 6.5 -with NaOH and 1.9 g. of sodium 

» 

cyanoborohydride is added. The mixture is stirred at room 

temperature for several days. 

This solution is then charged to a Lowex SOW - 8ft. 
.column prepared vith 507. p-dioxane and water. The material is 

vashed with 507. p-dioxane -water and then with water, and eluted 
•.with 27. pyridine in water. The product fractions axe combined and 

concentrated to dryness in vacuo to yield the named product. 
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Sxagple U3B 

Synthesis f N- C2-keto-A-benzylinercapt butanoyl)-5- 

thioxo-L-proline dinhenvl -methyl ester 

To a solutien of 1.6 aols naaols of S-thio-L-proline 
diphenylnethyl ester in 10 ml. of methylene chloride cooled in 
an ice bach under a blanket of nitrogen is added 1.56 annols of 
triethylanine acid followed by a solution of 1,62 maols 
of 4-bensylmercaptobutanoyl chloride in 12 ml. of methylene" 
chloride over a ten minute period. The reaction xaixture is 
stirred at A'C overnight. The reaction mixture is then mixed 
• with 100 ml. of ethyl acetate and washed with 20 ml. of lOZ 
potassium sulfate twice and then followed by water, saturated 
sodium bicarbonate and saturated UaCl! The organic phase is 
then dried over anhydrous ^gSO^ and filtered. The solvent is 
removed with a rotary evaporator to yield the named product. 

Example A3 9 

Synthesis of »-Cl-butoxvearbonvl-3-phenvlpropyl)-D.L-S- 
benzyl- homoeysteinyl-5-thiD-L-proltne diphenyl methyl ester 

L-homophenylalanine-t-butyl ester (5 mmols) and N-( -keto- 
4 -benzyl-mercaptobutanoyj)-5-thio-L-proline diphenyl methyl 
ester are dissolved at roca tei^erature under nitrogen in 20 ml. 
of ethanol with vigorotas stirring. Thereupon 8.0 g. of molecular 
sieves are added and the nizraire is stirred at room temperature 
for 30 minutes, followed by the addition of 0.325 g. of sodium 
cyanoborohydride in 7.5 ml. of ethanol over a period of -A 
hours. The reaction misrture is further stirred at room tempera- 
ture overnight. The molecular sieves are then removed by 
filtration and the solvent is removed in a rotary evaporator. 
The product is then purified with Sephadex LH-20 on a colinnn 
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- -SI' 

and eluted with tetrahydrofuran/isopropanol (3:7) t yield 
the named product* 

Example 440 

Synthesis of K-(L-l-carboxy-3-phenylpropyl)-D,L-ben2yl> 
homocysteinyl"5"thio-L-proline 

A solution of 1*0 ssols of the product of Example 439 
and'^.S ml.- of anisole in 10 ml. of methylene chloride is cooled 
in an ice bath under nitrogen and treated vith 5 ml. of trifluoro 
acetic acid. The reaction mixture is kept at ice bath tempera- 
ture for 1 1/2 hours. It is then concentrated in vacuo and the 
crude product is dried in a vacuum desiccator over and KOH 

overnight, vheretxpon the desired product is obtained. 

Example 441 

Synthesis of M-(L"l>earboxy*3"phenylpropyl)-D,L- 
homocysteinyl-5-thio-L-Pro 

The product of Exaiq>le 440 (0.5 mmols) in 1 ml. of anisole 
and 5 ml. of anhydrous HT is stirred at 0*C for one hoior. The 
HF and anisole are removed under vacuxim, and the product Is 
dried in a vacuus desiccator in the presence of KOH and ^2^5* 
The named product is recovered. 

' Exan^le 442 

Synthesis of N- (1 -car boxy- 3-phenylpropyl )-D,L-Ala-5 - 
oxo-L-Pro 

The synthesis of Example 437 is repeated using L-homo- 
phenylalanine t-butyl ester instead of L-homophenylalanine 
ethyl ester. The product is N-(L-l-t-butyloxycarbonyl-3- 
phenylpropyl)-D,L-Ala-pyroglutamic acid. This product is then 
subjected to the action of trifluoroacetic acid at room 
temperature to convert it to the named compound. 
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Example A<t3 

Synthesis of N-(3-(3>indolyl)-2-oxobutTTovlVL-4- 
benzyloxy-L-Pro-t-butyl ester 

A solution of 4-(3-indolyl) -2-oxobutyric acid (10 mmols) 
iB 20 ml. of tetrahydrofuran is cooled to -25 *C. 10 nmols of 
N-ethyl morpholine in 2 ml. of methylene chloride is then added 
and this is followed by the addition ox 10 mmols of Isobutyl 
chloroformate in 3 ml. of methylene chloride. The mixture is 
stirred at 20*C for 15 minutes. A saturated solution of 10 
nmols of L-4-benzyloxy-L-proline t-butyl ester in 5 ml. of 
methylene chloride Is edded and the reaction mijcture is stirred 

i 

; at -15 "C for 2 hours and then at room temperature for another 
2 hours. The reaction- mixture is then taken up la 50 ml. of 
ethyl acetate and vashed until neutral. The organic phase *is 
dried over anhydrous HgSO^ and filtered. The solvent is removed 
vith a rotary evaporator to yield the named compound. 

Example 444 

Synthesis of N-(L-l-ethoxycarbonyl-3-phenylnropyl)-I),L-' 
homo- tryptophanyl-L*4-ben2yloxyproline- t-butyl ester 

The procedxire of Example 439 is repeated, substituting for 
L-hcmophenylalanine-t -butyl ester the compound L-homophcnyl- 
alanyl ethyl ester and substituting for K-(2-lceto-4-benzyl- 
mercaptobutyl)-5-thioprolii'ie diphsnyl methyl ester the compound 
N-4- (3 -indolyl) -2-oxobutyrc7l-L-4-ben2yloxy-L-proline- t-butyl 
ester, to obtain the named compound. 

Example 445 

Synthesis of W-(L-l-erhoxycarbonyl-3-phenylT?roi)vl)-D,L- 
homotryptophanyl-L-A-benzyloxyproline 

N- (L-l-ethoxycarbonyl-S-phenylpr pyl) -D ,L-homo- trypto- 
phanyl-L-4-benzyloxyproline-t-butylester (100 mg.) and 1 ml. 
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mercaptoethanol are tr«e; ec with 1 inl. of tri: ..uoroacetic acid 
for 30 minutes. The rea;:tion mixtxire is then triturated with 
anhydrous ether, filtered and dried in a vacuum desiccator 
over ?2^5 yield the desired compoimd. 

Example 446 

Synthesis of N-(L-l-ethoxycarbonyl-3-phenylpropyl)-D,L" 
homotrypto?han7l-L-4*hydroxyproline 

The product from Exairole 445 C30 mg.) is subjected to 
hydrogenolysis with 10 mg. of 10% Fd on charcoal in 2. ml. of 
methanol at atmospheric presstire.for 2 hours. The named 
compound is recovered. 

Example 447 

Synthesis of K-Cl-ethoxycarbonyl^B-phenyl^propyl-Of 
fluoromethyl)*alanyl"L-proline-phenylthio-ester 

A. A solution of 2ocw9C*fluoromethyl*alanine (50 mmols) 
in 50 ml. of methylene chloride is cooled to -5*C. A solution 
of DCC (50 mmols) in 5 ml. of methylene chloride is added and 
the mixture is stirred at -5*C for 5 minutes. There is then 
added 50 mmols of HCl proline phenylthioester which is 
neutralized vith 50 icnols of N-ethyl morpholine in 20 ml. of 
methylene chloride.* The reaction mixture is stirred at -5*C 
for 1 hour and then at 4**C overnight. DCC is removed by 
filtration and the solvent is removed with a rotary evaporator. 
Ethyl acetate is added to the residue, which is washed until 
neutral. Residual solvent is again removed with a rotary 
evaporator and the named product is recovered. 

B. The .Boc protecting group of the compound of Step A is 
removed with HCl in ethyl acetate .at room temperature for 15 
minutes. The resulting hydrochloride salt is recovered by 
filtration and -dried over Pj^^; ^ ^ vacuum desiccator. 



A solution of this salt (10 taols) and sodiua 
bicarbonate (10 nmols) in 30 xal. of ethanol and 5 ml. of vater 
is added to a solution of 10 mmols of A-pheiiyl 2-oxo-but5rric acid 
ehtyl ester in 5 sil. of ethanol • Molecular sieves (12.06 g.) 

, are added and the aixttire is stirred at rooa temperature for 

.1 

30 minutes. A solution of 0.6 g. of sodiiis cyanoborohydride in 
• 15 nl. of ethanol is added dropwise over a period of 4 hours 

and then the reaction mixture is stirred at room temperature 

overnight • -The- mixture is worked up as described in Example 

439 to yield the named compound. 
I Example 448 

r 

Synthesis of N-(l-ethox7carbonyl>3-phenyl-propyl)-2- 
fluoromethyl alanyl-L-proline thio acid 

A solution of 56.1 mg. (1 mmole) of NaSH in 0.5 ml. of 
ethanol is added dropwise under a nitrogen blanket to a solution 
of N- (l-ethoxy"-carbonyl-3-phenylpropyl) -2-fluoromBthyl-alanyl-2- 
proline phenyl thioester (1 mmole) from Example 447, dissolved 
in 5 ml. of ethanol. The reaction mixture is stirred at room 
temperature for 1 hour. The solvent is then removed with a 
rotary evaporator and ethyl acetate C50 ml.) plus water. (5 xal.) 
are added to the residue. The mixture is then cooled in an 
ice bath, and acidified with 2N-sulfuric acid to about pH2. 
The organic phase is then separated, washed twice with saturated 
NaCl, dried over anhydrous SO^ and filtered. Residual 
solvent is removed with a rotary evaporator to yield the named 
compound • 

Example 449 

Synthesis of K-f (l-erhoxycarbo^yl-l-phenylmethyl)-2- 
phenyethvl^^serinyl-L-oroline-t-b'utyl ester 

In the manner described in Example 439, 2-phenylmethyl- 
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butyl ester are reacted^snd the r :ion mixture is worked up 
to yield the neoed cospound. 

Example A50 

' Synthesis of N- [ Cl"ethoyycarbonyl*l-phenvlmethyl)*2» 
' phenvlethyl] -seriTiyl-L-proline 

The product froa Zxample 449 is treated with trifluoroacetic 
' acid in the manner described in Example 441 to give the desired 
product. 

Exaaple 451 

Synthesis of N-[ (l>carboxvl-phenylaethyl)-2-phenTlethvn- 
serinyl-L-proline 

The producr from "Example 450 is subjected to alkaline 
hydrolysis with 2 equivalents of KDH in 2 -ml of water: 
dioxane (1:1) for 1 hour to produce the named compound. 

Example 452 

Synthesis of l^-f l-phenylthio-carbonvl-l-Cmethoxycarbonyl- 
methyl) -S-methyl-3-mercaptopropyll -phenylalanyl-t-butvl ester 

Using 5-iaethyl-2- (methoxy-carbcnyl-methyl) -homocysteine 
thiophenyl ester and N- (3 -phenyl -pyruvoyl)-L-proline-t-butyl 
ester and following the procedure of Example 439, the named 
compound is prepared. 

Example 453 

Synthesis of N-fl-phenylthiocarbonyl-l-Cmethoxycarbonyl- 
aethyl)>S-metbyl-3-mercax)tDpropyll-phenylalanyl-L-Pro 

The product of Example 452 (1 g.) in 2 ml. of anisole is 
treated with 5 ml. of trifluoroacetic acid under nitrogen 
for 20 minutes at room temperature. The product is precipitated 
with diethy lecher while cooling in an ice bath. The named 
compound is recovered after drying* in a vacuum desiccator over 
?2^^ and XOH. 
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Example 

Synthesis of Nf l-thiocarbonrl-l-r^o^hoxvc..vb»n.1...^wi 
S-inethvl-3 °'g^'^'»»«-» nropvn-phgT,ylalanTl-L-P^-ft 

rne produce of Example 453 is subjected to hydrolysis with 
tn^o equivalents of sodium hydrosulfide as described in Example 
. 448 to yield the naaed compound. 

&caaple 455 

Synthesis of N^Q -efhoxvcarb»nyl-l- ^^o^o,„,^^^, 

hydroxvphenvD ethvl 1 -N-rV o .omithlT,y l -t.- ?,,o, ^t^^^, 

A. A solution of L-Pro-t-butyl ester (0.1 mols) Hi 30 ml 
{j of methylene chloride is cooled in a dry Ice-acetone bath to 
• -50-C. A small, portion thereof' is added vith vigorous stirring 
to a solution of 2>CC (0.1 „ol) in 15 ml. of methylene chloride 
«hile the temperature is maintained at -55-C. The solution is 
further stirred.at -55-C for 3 minutes after «hich there is 
added, dropwise. a solution of freshly vacuum distilled 
5_Cbo-amino-2-oxopentanoic acid. (0.1 ^ 20 mis. methylene 

chloride, rne reaction mixture is stirred at -55-C for 4 hours. 
. at .15-C for 2 hours and finally at 4-C overnight. Solid Dicyl- ' 
cohexylurea is removed by filtration, and isopropyl ether (50 ml ) 
•. is added. The organic phase separated thereby is washed until 
neutral, dried, filtered .and concentrated in a rotary evaporator. 
Upon storage in a freezer t.he- resultant compound crystallize, 
out. 

B. Ihis compound Is prspared according to the nethod 
described in Exanple «9. using s-(fluoro.cthyl)-t^osi„e ethyl 

ester and C5-Cbo-ar>ino) -2-oxo-pentano7a-l-prollne-t-Imtyl 

ester as primary reactants. 
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Examplie 456 

£ nc iesls of K- fl-ethoxyearbonyl-l-flu roBiethyl-2- 
(-p-hycj ro:<ypher.yl) ethyl 1-ornithinyl-L-pr line 

The product of Zxaaple 455 is subjected to HF to deprotect 
the carboxyl group of proline and yield the named product. 

Exaaple 457 

Synthesis of H-(l-ethoxycarbonyi-l-(Tnetho3cy-inethyl)-2- 

(3 .4-diicethoxyphenylethyll -S-benzyl-eysteinyl-L-Pro-t-butyl 
ester 

Using the Bethod described an Exaagjle 439,<< -(metiun^- 
inethyl)-3,4-dinethoxyphenylalanine ethyl ester and H-CS-benzyl 
thiopyxuvoyl-2-Pro-t-butyl ester, the named compound Is 

prepared. 

Example 458 

Synthesis of K-ri-ethoxycarbonyl>l-faethoyyinethyl)>2> 
(3 . A-dlme thoxyphenyl) ^ethyl] -cysteinyl-L-Pro 

rue product of Example 457 is subjected to HF treatment 
to deprotect the carboxyl group of proline and yield the named 
compound. 

Example 459 

Synthesis of N-(l-ethoxycarbonyl"lC2-propenyl)^5- 
phthalylpentanoyl] >valyl-L-?ro 

A. Proline (35 ussols) is suspended in a mixture of 
35 ml. of propylene oxide and 210 ml. of dry acetonitrile at 
room temperature . Bis-trimerhyl-silyl-trif luoroacetamide 
(77 mmols) is added and the reaction is stirred at room tempera- 
ture for 15 minutes. 3-methyl-2-oxo-butanoic acid chloride 
(36.8 mmols) is added end the mixture is stirred for about 
twelve hours. The mixture is chilled in an ice bath, slowly 
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treated vith 35 ml. f 1 K HCl and st rred for 5 oinutes. 
Acet nitrile is then removed in vacuo and the solid residue is 
dissolved in 500 ml. f ethyl acetate. The organic layer 
separated is vashed several times with 50 ml. portions of vater 
and then vith saturated NaCl, dried over anhydrous MgSO^. 
Residual solvent is removed with a rotary evaporator and 
N-(3-methyl-2-oxo-butanoyl)-L-Pro is recovered. ^ 
B. Following the method of Example 447, the 'product of 
Step A is reacted with 2-amino-l-(2-propenyl)-5-phthalylpentanoic 
acid ethyl ester to give the named ccmpoTmd. 

Example 460 

Synthesis of K- f Cl-cerhoxv-1- C2 ^jrooenyl) -5- 
phthalylpentanoyll -valvl-L-Pro 

The product of Example 459 is saponified to prepare the 
xisne d coisp oimd • 

Exazaple 461 

Synthesis of N-r(carboxy-l>C2-propeTiYl)>5>aininoT)ropanovn^ 
valyl-L-Pro , 

The named compound is obtained by hydrazino lysis with 
hydrazine hydrate of the product of Example 460. 

Example 452 

Synthesis o f K-(l-lsoburyl-l-carboxv"3-methoxvcarbonyl- 
propyl) -leucinyl-L-Pro 

A. N-(4-methyl-2-oxo-pentanoyl)-L-Pro is prepared as 
described in Step A of Exaisple 459. substituting 4-methyl-2" 
oxo-pentanoic acid chloride for 3-meth7l-2-oxo-butanoic acid 
chloride. 

B. The product of Step A (0,00272 mols) is reacted with 
-isobutyl glutamic acid " -methyl ester (0.00C545 mols) and 
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sodiuD cyanoborohydride X103 mg.) in vater (10 ml.) at pH7 
(adjusted with caustic) at room temperature over several days. 
The pr duct is adsorbed on an acid ion exchange resin and 
eluted with 21 pyridine in water, fractionally distilled and 
freeze dried ^o produce the named compound. 

Sxasole 463 

Synthesis of K-(l-carboxy-l-methvl-4-phthalyl butvD- 
Tyr-L-Pro-t-'buryl ester 

A. N-(4-hydroxyphenyl)-pyruvoyl-L-prollne-t-butyl ester 
is prepared using the method of Step A of Example 455 and 
substitutdLng 4-hydroxyphei^l pyruvic acid for the carboxylic 
acid therein used. 

B. Following the method of Example 437, Step B, using 
2-methyl-5-phthalyl-omithine and H-(4-hydroxyphenyl)^pyruvoyl-L- 
proline-t-butyl ester from Step A as reactants. the named product 
is obtained. 

Example 464 

Synthesis of N>(l>carboxT-l"methvl-4-amino-butvl)-> 
Tyr-L-Pro-t-butyl ester 

The named product is obtained by hydrazinolysis of the 

> 

product of Example 463. 

Example 455 

Synthesis o f N-Cl-carboxyl-methyl-4-aminobutyl)-Tyr"L Pro 
The named compound is obtained by trif luoroacetic acid 
treatment of the product of Example 464. 

Example 466 

Synthesis of N-(l>carboxyl>methyl-4-phthalyl>butyl)> 
Tyr-L-Pro 

The named compound is obtained by trifluoroacetic acid 
treatment of the product of Example 463. 
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Ex; ole A67 ^/^^ 
Synthesis; of N-ri(-'-inercaptoethyl)-l-mercaptoethvl-A> 
hvdroxv-2-ketO"butyll -Ala-Pro 

The ' -hydroxy ethylketone of S-benzyl-D-homocysteine. 
2 mols, is reacted with 10 nsnols of pyruvoyl-L-Pro , all in 
10 ml. of ethanol plus 12 nnnol NaHCO^ on 2 ml. H2O, in the 
presence of 3.2 g of powdered molecular sieves at room 
temperature. After 30 minutes of stirring, 130 mg. of sodium 
cyanoborohydride in 2 ml. of ethanol is added dropwise 
over a period of A hours. The molecular sieves are removed by 
. filtration. The solvent from the filtrate is removed by rotary 
evaporation under reduced pressure. The product is isolated 
by conventional chromatography techniques; The S-benzyl protect- 
ing group is removed with anhydrous HF in the presence of anisole 
to yield the named compound. . 

Example A68 

Synthesis of M-(l-mercaptomethvl-3-gaino-2-keto propyl)- 
Phe-A-fluoro-L-Pro 

The -Boc-aminomethylketone of S-benzyl-D-cysteine, 
12 mmols, is reacted with 3-paenylpyruvoyl-4-f luoro-L-Pro essen- 
tially as described in Example A67 to yield N-(l-bcii2oylthio- 
methyl-A-t-butyloxycarbonylHmino butyl) -Phe-L-Pro. If desired, 
the t-Boc group can be re:2oved x^th anhydrous trif luoroacetic 
acid, or the t-Boc and S-benzyl groups may be removed with 
anhydrous HF in the presence of anisole to yield the named 
compound. 

Example A69 

Synthesis of K-(L-carboxvmethyl-2-ketO"butyl)-homoPhe-3> 
chloro-L-Pro 

The «^.-ethylketone of D-aspartic acid -^-t-butyl ester, 2 
naaols. is reacted with 10 mmols of 2-keto-A-phenvlbutanovl-:^- 



chloro-L-Pro in the presence of sodiiaa cyanoborohydrxde . :ord- 
ing to the procedure of Example 467 to yield N-d-t-but; .c:cy- 
carbonyliDethyl-2-keto-butyl)-hoxDoPhfi-3-chloro-L-Pro. Th 
latter is isolated by conventional techniques f chromatography. 
The t-butyl ester group is removed vith anhydrous HF to yield 
the named compoiind. 

Example 470 

Synthesis of (l-thiocarboxymethyl-2-keto-butyl^^Val- Glu 

TheC<-ethyketone of D-aspartic acid-/8-thiopheayl ester, • 
2 mmols, is reacted with 3,3-dimethylpyruvoyl-5-keto-L-Pro in 
the presence of sodium cyanoborohydride , essentially as 
described in Example 467 . to yield, after isplation, N-(l - 
phenyl thiocarboxyl -methyl-2-keto-butyl) -Val-5-keto-L-?ro . 
By removing the thiophenyl ester with HaSH, the desired compound 
is obtained. 

Examples 471 

Sjr^ A. Synthesis of N-(pyruvoyl)-L-Pro-t-butyl ester and related 
c^-keto intermediate cocraounds. 

A solution of 99.5 macls of L-Pro-t-butyl ester in 39 ml. of 
chloroform was cooled to -SC^C. A solution of dicyclohexyl- 
carbodiimide (DCC) , 99.5 =cLs in 15 ml. of methylene chloride, 
at -55'C., was added dropwise with vigorous stirring. Three 
minutes later, pyruvic acid, 99.5 mmols in 20 ml. of chioroform 
at -55*C., was added dropwise. The reaction mixture was stirred 
at -55'C. for 4 hours at -IS'C. for 2 hours at 4"C. overnight 
and at 22*C. for 2 hours. The dicyclohexylurea precipitate 
was removed by filtration and the precipitate was washed with 
isopropyl ether. The organic phase was washed until neutral. 
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xinder -::duced pressure. The crude product was vacuum-distilled 

over anhydrous potassium carb nate to yield 21. Ig. of oily 

residue. Vacuusi distillation vas repeated to collect the 

fraction distilled between 114 and 12A*C. ( Inm.H ). This step 

S 

yielded llg of material that crystallized to yield white 
needles having a measured optical rotation, in the concentration 
of 0.06029g/ml of erhyl acetate of ]pi]j^ - -71.95*, Elemental 
analysis for Cj^i^j^g^O^ (Formula weight « 241.291): 

Calculated: C 59.73. H 7.94, N 5.81,0 26.52; 

Found: C 59.64. H.8.10, N 5.76. 

By substituting for p y r uvi c acid an oC-ketb-carboxylic acid of 
coluisi A below, for pyruvic acid and/or- substituting for L- 
proline-t-butyl ester an analog listed in colunsi B in the 
synthesis given above, intermediate compounds shown in 
column C are obtained. 



0048159 













u 










V 


• 


















«9 




• 










%s 
















AJ 








M 






C9 
















•9 








if 






Ai 




1 
















m 

0) 




iJ 
V 






M 

o 


X 


1 




















V 


>* 


M 






o 




• 




u 














X 






o 












* 










AJ 






e 
B 










4J 






o 




w 




V 






1 


4J 








m 










«c 


1 


1 


9 


O 


1 








01 






o 


t 






o 




to 






















E 




w 


>* 


1 






01 








o 


1 




1 


m 




cu 


X 


Xi 


1 




iJ 


m 




>> 


u 


O 


>% 


o 




O 


1 


AJ 


1 


►J 


C 


CO 






e 








Vt 


0 


Wl 


•J 


01 


O 


1 


0) 






1 




o 






Pi 


1 


E 


%4 


o 


X 




M 




X 


•J 


1 


JO 


1 




1 


o 


1 


&« 


*4 — 


o- 




o 




1 




u 




1 


■J 


u 


m 


1 


X 




XL 




o 


>* 


1 


to 


1 


•J 


1 


o 


1 


iJ 


JJ 




C 
« 




X 


o 


o 


>s 


1 






>* 


1 


• 


O Vi 


E 
« 




o 


c 


1 


K 


O 


K 




K 






%d V 


c 




iJ 


.c 






O 


u 


0 




O 


>* 






1 




e • 


1 


V4 


o 


Vi 




P Vi. 




c 


>* « 




o 

VI 


o 
u 


o 


o 


Q 


o 


•a 




"D 




•O 4) 


o 




X G9 


8 


M 


1 


1 


N 


>^ 


«^ 


>« 


1 




Vi 


X 


1 


1 


1 


1 


1 


u 
o 


< 
f 


X 

1 


U4 
1 


T 




X M 
1 » 


O. 
1 


Oi 

• 1 


CM ^ 


1 


1 


1 


■J 

1 


m 
1 


ea 
1 


1 




1 


cn 
1 


r» 
1 


m 
1 ^ 


1 


tn 

1 VI 


•O.X 
a u 


i-f 


r-l 








i-< 


f-l 














^ o 


^ 09 


>s 
O 


>^ 
O 












>v 


>s 




>% 


>wC 






>s 1 


o 


o 


o 


O 


o 


O 


C- 


o 


o 


O AJ 


o 


O (a 


o o 


> 


> 






> 


> 


> 


> 


> 


> 


> 




> 


I" 


> u 








3 








S E 


9 




9(Vi 


w 
>> 






w 


u 


VI 


VI 


VI 




u 


VI 


Vi- 




U 


M 






>% 




>s 












>% 




>% 


>% 


c 
z 


1 

Z 


H-p; 


cu 
1 

Z 


H-p 


C 
f 

z 


1 

z 


1 

z 


1 


1 

z 


c. 

1 

Z 


C. 
1 

Z- 


1 

z 


fi. 
Z 


CL. 
1 

z 











o 














0) 


C3 


u 




« 


o 


a 
















tn 












C 








a 










a 


>* 


0) 




1 


N 


•o 


o 


a 


C 


«^ 




c 


o 


E 


X 




•A 


CS 






1 


1 


t 


o 


o 


o 


o 


Vi 


Vi 




Vi 


O. 








1 


1 


1 


1 



o 

VI 

I 
I 

>s 

o 

X 
J-l 
o 
£ 
I 

cn 



















Vi 




VI 
















o 




09 










Vi 






JJ 








Vi 






o 






e 


O 


ra 




a 






JJ 




Vi 


01 


u 




G 


4J 




^4 


'a 




CJ 




PU 




a 


Cl 




« 


o» 




JJ 


f-j 


1 


f-i 




01 




JJ 




1 


cs 


X 


ij 


>> 


o 






C 


^ 


o 




X 


• 


iJ 




1-1 




Q> 


X 


w 




JJ 


o 


9 


r-l 


>« 






X 










X 


s 


JJ 




r-l 


JJ 


1 


X 


E 






K 


9 


Q 




o 




JJ 


1 


JJ 


VI 


o 




no 


X 


1 


1 


9 


o 


1 


t 




1 




JJ 


0 


r-l 




VI 




o 




JJ 


£ 


o 


VI 


xu 

X O 






if4 - 


VI 


« 


1 




t 


Pu 


JJ 


1 


XVi 


Cm 


u 


O 


1 


o 


1 


JJ JJ 


1 




c o 


1 


1 


u 


o 




«-3 


o « 


o 


1 


O JJ 


1 


CM 
1 




Vi 


Cu 
1 


O 


E o 


Vi 
PU 


lo 


X a 
CL 0» 


o 


CJ 


J] 


1 


iJ 


Vi 


m »-i 


t 


X 


X 


c 


C 


1 




1 


O 


1 X 




JJ 


K-* 








1 


X 


9 


XX 


1 


• 


O X 


£ 




X 


o 


X 


f-i 


X 


r-l 


f-l 


ViX 


a 




o 


Vi 


o 




o o 


X 


X 


-O JJ 


t 


JJ 


u 


O 


u 




U B 


CU 


c 


xo 


u 






9 


•5 


■3 




o 




.X 


o 








X 


1 


X 


u 




1 




« 




X 




X 






CM 


J 


1 




1 


1 




1 


1 


1 


%^ 




in3 


<• 


CM 


tn 


tn 


tn 









I 

CO 

o 
I 




-61- 



cn 



U 

S 2 « • . 















<M > 




O ^ 


o-S 


4J 




CD 


w W 


CO Of 


£A 93 


O CL 


O & 


^ 10 


lA 


Q Of 


to 0} 


c w 








OS 






r-4 CO 


• 




o 


O 1 




c «^ 


m 


C3 






o. c 


c c 




01 3 






1 


1 




SC«M 


1 O 


< O 


o 


o 


X m 


K 89 


O iJ 


O 


f u 


1 O 






1 "O 


1 no 


O 


f-4 o 


>>u 








iJ 






01 


£ 


E 


1 


1 







S I rt^>*OC3« m 3^ 

P ^ I ipui>iE*f-«o»caoo.<«4 

g ^ Od^t^OOOO^Xt OOM W 

I ^ N^JCOiJOO--<Hlt i-lX 

0 a a oojai-4uoo >«^>h >«p i 
Tci ifi.iii* - I i>>-oi 

1 I |?|IIIIIIIWi40>« 
^ ^ ^ ^ ^ ^ -<--fH W X K 

OtJO O O O OOOO O O Oi^f-lCX 

> a > >>>>>>>>>>>% X D o 
u u v4WViw^ki;4V4WS-iciof u 

I I I • I t I I t I I I I I I 

U ' 

U U U 0) C>4 

O 0) O • XJ f 

jj * jj 4J e 1-4 

CQ V4 n B . « 

OJ W O O) ' O S) 

T-< O • iJ f-l C 

o^3 r-ixJ3w raoj E 

a,jji>s,c I EO u z z z 

I I xJiJjJOJJ«-4 a u 

,J O I30)UI>^ U U 

I U O.OiPuOJ-'tfOIOfQ'O 

£a)-p4 OCU iXOOOOiJ>%>^U 

4jwj::iJcoj:p«c«oE33A> 
a3 >sa >^ >> u >s t I uoiJjje) 

IJ3^C}MJ=JC04JOO^Vtl Z Z Z 

a u c<>-iiJ3o*o*o*0 'acow 

ca E jDeE«MC-W-r4^J=ft,|i| 

I I iiiilit-iltC 

CI o 

O O 

c c 

U * - X U CL c 

4 0 0 0} CI 

I j= ou 
o eg o o o 

-a > ^ c o o 

^ 3 >^0 t I 

o z ssrrsrrsrrpr x <si cm 

a . >^ « CL f -o I -o 

CL -C O «-4*r4 f~l <^ 

O * O Vi >^ o u 

^ -«r-iCLj:«xa 

> >% U ^ 

2 c u a 

u z = = zz = = = : = rsr u e b 

^ CL cn \o «9 



^a- CM o 
m 00 *-4 <r 



XJ >> U O «d 

3 tea) -a « S - . 

« "g. -g- °i ^ 

• tj g „ £g |o „2 j-s I 

•§ a>. ►.'^ cc o>. °g- ij« ^2 og- • « ^ 

UCV4 X ^3 U 0) O <UCJi03 e -3^^0 OM^^S ^ 

a CS3 ow o-cvia 03 la xo<'?-cni3 

J-ST*. S*. JJ^*^-^ oo >^0 oc3« --«xjS J*o SfrS 



Pr4 



I 



XJ<M I C 



O I I I I I I I I II, 

o CM <n lo %o ^ m <• 



o 



o cs 

€3 I 

o^ 



I 

o 



VI c 
O 3 
"3 OS 
M 

o 



o 
u 



o 
u 



o 
a 



u 

>s 

XJ 

3 

O 
X 

o 
I 

CM 



o 


t 


t 




•a 




U 




1 




U Wi 


•o 


XJ 


a o 


«r4 VI 


3 


XJ 


U O 


•3 


U O 


a x^ 


o 


«^ o 


n 


X 




U CI 


o 






1 








3 j:: 




• -o 


XJ 


•ox 




60O 




>sV 


1 1 


1 O 


CD 


0«rh 


o e 


XJ 


XJ 


XJ 


o 


O 


o 


B 






1 


1 


1 


cn 


CM 


CM 





U 




1 


U 


« 












^ V 




o 


o 


XQ 


>v 


1 


XJ 




XJ 


o w 


o 


XJ C 


3 


>» 




0«H 


J3 


O XJ 


1 •l^ 


O VI 


1-1 


<-« 3 


CM O 


C X 


>s 


X^ 

u 


1 C3 


u 


C 




B 3 


O 


• ^ 


1^ U 










O 


o. 




1-i w 


XXJ 


1 -D 


1 C 


O X 


XJ o 




i-l O 


•O XJ 


O^ 


1 U 


1 JZ 

o a. 


C 3 


U J 


O C3 


-r< JD 


OCM 


XJ 


XJ 


1 


1 


o 


o 














1 


1 


1 




CM 


CM 







t4 
X 
I XJ 
CM 3 

I ^ 
«-^f-l 
XX 
C 

XJ a 
ox 
o p. 
C I 

s • 
m 0*0 

f-« XJ^ 

xo o 

XJ 

o 

E 



O 

c 
a 

X 
01 

r-l 

X 
X 

XJ 

o 
B 
I 

m 
o 



I 

CM 



I 

CM 

t I 
«-l t-l 

x>**o 

X C*r4 

XJ o o 
ox Id 

0 o. 
c I u 

£ ■ ^ 
cox 

1 XJ XJ 

U o 3 
O X 

I 

I 



> 

2 

X 

o. 

X 
X 

o 
c 
o 
X 



o 



CO 


vO 


<r 


CM 


O 






CM 






t-< 




CM 


CM 


CM 



CO 

o 



cn 



VO 



CM 



o 

CM 



>^i3 iJ O — I > IM >s 3 U «W >s 

*0 JJ*<BUfl9> MCO o M o m > ^> 

O O U >^ «-«CM CL b 

eoAJ n u 3 o** ti*. h_L ^ 0 4J . ** 

OU p. *0 «-4 U 9^ M«-4 -*M .p-l U tD O 

IM W OMCCLIO COUOCL 

CO) 0>*0>*0. 0«Zg 22 « >s X OB « 

ta> ea> ox noi >» ^ 2 t-i > o> x S 

oo ,^XJ «« I «-l >SOO oo C<LI CSAJ >eO fHOO 

>CM C3 O « O M> Z I 4J « O S O 9C4 >^ 

31 CO CO 0*rK in 9t CM m am a ao ui oi 

O OU So. O C ^r-l I a; ^Xi ^ O. O. C-H 

>^ n 01 cs u XJ^ I 1 o Xo flH a cu « 

0.01 r-l O f-4 « CO OCtf --^O Oia op 5sp ig 4f ca 

s3 o o w • •« OP CO w^O 3 > IP oa 

Tfi > • > - o c»i o «sfi 2 ** C - -p • oe£ o.«£ 

>s poo PCS >%u I o •ee.X'ccux Xco ueo k. i 

K«M west ScM O <-4 0» C © r-4 >vf>4 O U4 

O O Ss I Ss I > • >%XI f O 0«M O ^U4 p t I CLt I O f O 

c 2^ P« CO csi no> o.o> a:^ n o 

0.0 IC IC £^ 0.0 XO JSUO KlOO XC >vO to 

P OP OP 1^ JSP ooo ooo JSP XP ^P 04 p 

>*-o ^o: -^oi as « o c xj-o r-^ 5- " SiJ £• ii*^ 2-*^ iJ'S J.'S 

Kou: J5 IC C •COTCU oaa o o qo^-io 

OU XJtM tjM r-l P S«M ca ^CO EM M«M U XW 

wo. f-l O r-4 O XC£ >\0 C& <- C M CU^U 0.0 ^ O. ^ CU 

«0 >s «-l O C I -O O "O iJ 

XCM.OiA.'^ C taio 

i^oc^ri I •! 

cu . p. ^ -H fo ^ •C' ^ n CO CO CO 



o 
























e 
















































u 
























e 
























•CI 
























•CO 
















































a t 
























14 
























o 
























c 
























M 














































o 


O 








t 




1 -o 














•o 






r-C 














O 


> 




o 


•o 


X 




r-l U 










c 


P 


O 


o 




c 




X« 




o 






« 




a 




u 


o-o 


o 


c 


1 O 




u 


o 


JJ 






a 


« 




JJ 


o o 


X*l 


> 




JJ 


c 




o 






cuu 


ei-o 




X u 


p 


> 


o-o 


o 


& 




> 


o 


o a 




CLWi 


O X 


M 


p 


J^-rl 


c 


K 


> 


P 




c 


1 o 


O X 


C XI 


X 




1 u 


O 


O 


p 


U 


> 


Q U 




U JJ 


o p 


o. 


X 


CM ti 


JJ 


c 




>% 


p 


X«^ 


1 


O P 






o. 


1 


a 


o • 






M 


O C 


r-t O 




D. 


t-l 




r-l O 






PL 


o 


X 


1 O 


X-H 


X I 


1 r-l 


X 


r-l 


X-r4 


1 


"E. 


O 




CL 




.C M 


U O 


O.X 






JC u 


CM 


x-o 






1 


1 c. 


JJ X 


K 


1 c-o 


JJtJ 




XJ 


1 -o 






XJ 


tn 


cn o 


X JJ 


-o O 


<t O-r* 






O JJ 




o a 


u 




t 


1 u 


OuP 


1 1 


> o 


E U 


u u 


e p 


XU 


u o 






o 


O & 




-3- CM 


O 0.0 






•rt JJ 


X Q 


•o 


>% 








c 




JJ 




o 


•o 


JJ 




c 


N 


o 


01 




n 


ei 


1 


«D 


1 


O 




o 


c 


•o 










CO 


-H 


CO 


B 


1 


J= 


o 


c 


1 


1 


• 






CO 




1 


o. 


o. 


JO 


-r4 


CM 






CM 


CO 


CO 


CO 



CM 
O 

« 



o 

CO 

I 



CO 

m 
I 





<• 


CM 


O 


00 


AO 




CM 


o 


oo 






r«. 


c\ 


CM 


»n 


O 


o 




so 




. to 










CO 




t 


• ■ 


1 


1 


1 


1 




t 








r-» 










9*% 



-72- 



59' 



u 

9 

•a 

o 
u 



o u 
o o 

r-< CI 
« D. 

6 n 
a « 
M 

r-l 

0 - 

ceo 

1 c 
»2 
o 

X 

o 
I 



f-l 

fcO> 
O-H 
r-l X> 
« O 

c ej 

O 

>* • 

I 

Z CO 
' € 

4J 

^ O 
O 

m 

I 

CO 



o ^ 
«-i a 

« 01 
C 

OS u 

o - 
ceo 

«0<M 

I 

P.Ci 

C 

0 5 
I. o 

CM 

1 m 

v-l 

4-1 tJ 

ei o 























w 


n 

s 


n .1 1 


, 1 


•^■^^ 






lu ^ 


o-S 


O-S 


A' 




w o 




to 41 


60 01 


o o> 


O O* 






0 O 


0 CI 


C U 


§ ^ 


Q 








GO 


CO 






O 1 


O • 


CrH 


Cf-I 


a 


0 




U « 


O C 


CI c 


















o o 


o o 


XJ 






CI 






1 


1 


M . 





CI 

o ^ 
' u 
m 01 
too. 

O W 

^ 01 
to M 



f-l CM 

X t 

u c 
t 

a o 

•-4 

4J JJ 

3 O 

•a 3 

0*3 
0) O 

•rC u 















o 


V CI 






>% 






O ^ 


o ^ 


o ^ 


CI 


o 


CO o 


** 




« > 


o > 


0 O 


^3 


1 1 




e ei 






o ^ 


O fiL 






c u 
w w 


to 




O CI 


g0 CI 


01 






f\, 

M» 




tu Sik 


CS O 


















O M 


^ GO 












urn • 






OiJ 


>%eo 

** v^l 








*4 ■ 




1 W 


c c» 








O 8 




MP 


XI a^ 




• 2 


1 o 












>* 


5 




1 ^4 






C fi£ 


CM O 




CI 


o 




W 1 








1 o 


w o 


n S 






O 0 


O 9 


1 ^ 


o ^ 








«p4 a 


K U 




*l 




O 3 






XJ«o 






K 


v-l o 


>»o 








- JJ u 




Vi o 


js a. 


O Ou 




•o 




•o 




>» 


0) 


t 






E 




CI 


T 


1 


1 


1 


n 

















01 


01 


«M > 


«M > 


O ^ 


O-H 


JJ 




m V 


n u 


60 01 


M 01 


O D. 


O & 


^ «0 


^ CO 


a 01 


« 01 


c u 


C M 


m 










^00 


>»CM 


>%CM 


O 1 


O 1 




§ 






no 


tie 
















1 «M 




w 






^. 


c « 








•c a 


•&§ 


0.9 








X O 


o u 


o u 


u o. 
















t 


• 


CM 


cn 



§ 

u 



u 



u 



WCM 

o 



o 
c 



o. 
a 

JZ 

o 
JJ 
o 

I 

CM 

















































































































o 


1 








ta 


OT3 












u 


U 




u 


O) o 


0 


a 


•o 




^ a 








> 


t 


u 


u 


U 




CM O 








U 


• —1 


o 


o 




>s 


f-J O 


c 


c 


xj a 


o. 


>sC 


C3 


Q 






X a 


u 


u 


US > 




XJ XJ 


o 


o 


O 3 






o 


•o 


m Wi 




E O 


1 




>* 




o. 


o 


o 




o 


•o 








m 




o 


a; 


1 




r-» 






-co 


1 






1 






CO 


CM 







> 

3 
U 



X 

o 
u 

X 
I 





















































































1 








• 


f-i 








o 


>\ 


1 CI 






XJ 


c 


CM « 






CIT3 


o-o 


J 


•o 








^ u 






1 u 


vi a 


>*-^ 


^ U 




CM ca 


C3 Q 


C VI 








U 


o 


c 


c 


o u 


>sU 




01 o 


CI ij 






W 3 






^ u 


o > 




o-> 


o.> 


XJ >^ 


r-l 3 


u o 


>s3 


>^3 


f-l Xi 


>sW 


>*XJ 


X U 


X V4 


>\ 3 


XJ >^ 


X CI 


O Ss 


O 




3 C- 


O J£ 


M O. 


U Cl 


XJ 




X 






u 


1 


Xi 






6 


XI 


CI 




X 




1 


• 


1 


1 



t 

CM 



CO 
CD 



CM 



I 



O 
I 



CM 

o 

I 



CM C5 

tn GO 

o o 

• > 

m fo 



o 

r-« 
f-l 
I 



\0 
CO 



t)048t 



O I 



2 



r-l O 



0.9 









CM 








o 






tit >« 




O 


o ^ 






CI 




o 


MCI 




Ok ^ 




O > 


f P , 1 








A J_l 


O ^ 


o ^ 

«-4*CI 


a iJ 






•c u 


O 41 


O CI 


a o 


5 o 


C C 


c o> 


c cu 


a. 


Cft CO 


CQ CO 


o cs 




o 














O M 


>^ 


>» 




C 


o • 


o • 


o - 


a • 


c o 


coo 


ceo 


KCD 


a C4 




om 




X ■ 


K 1 


K 1 


JC 1 


air-i 






1 ^ 






M 


z 


1 m 




1 OB 


1 m 




s c 


2 C 


R B 


• B 


' 2 


15 














Ail 


»J 




CI«M 




CI*M 


t CM 


«a£ o 


«a£ o 


^ O 


r«i O 




1 


1 


1 




c4 m 


<M « 


O CB 




1 u 


1 XJ 


C 


o u 


o u 


o o 


•*4 U 


C 3 




c :> 


E2 








est} 


^ P 


B o 


E O 


o 


Q M 




>sU 


• cu 


t ^ 


1 O. 


iJ Di 


a 




c 


CI 


o 


O 




u 




H 




CB 


1 


1 


1 


1 




%o 




CO 



CM O 



7! Si « OCI r-l4J C9CI oo ra« 



g «g »S «> 0> ^> «0 &)> "> M> ^> I 

®r! S?Tl SPtI ^ cS So. i-*** c*j 

.So JSo CO So • oo oo oo «0 «MO 

cao aS oo ^8 So « « CO o c« _o oo 

SI is- is- il ^s- s^** •g- ss- •'s- ^s- 

•32 • S S S tLo 00 C- o ao ^« 00 eoo 

iu OM U >^U cu OM 

oco a»<^ aco 00 coflO ceo ceo 

^r«i p. xJcM ceM XJCM eic4 con 

II to ci «i CI cui f 

2Sr4 ZC .Or-I 01 «-l • «-l 

I > P P- C «3U » >v 

o m oci le on t m t m ocb 

XI C ^ :s C O.C Z C DC > c 

019 OCH 13 IS 13 UP 33 



n.9 13 13 13 AJ3 V? »«M 1^ 19 IS "'•5 

|5 i5 oS oS oS ^P! OBS OBS OB! -B! J^BJ 

« lu eicu diCM ocu I «M r4CM n o ocm ocm oi«m I «M p.tM 



10 (xj .aco ^ o ^ o CMC 10 
o O O t t i t ss 

CO 33 CIO r«lo cio OO 10 



hm B ^ n MB <^0 00 WW VM» V^W WW swi 

axj iS lu i5 cxj -SxJ -jj-o I XJ 1 xi I xJ cxj .-ix* 

00 OO 00 -So £o SO 00 00 CO -rj o Xo 

•S." C3 C3 C3 E3 C3 CJJ.C3 C3 C3 ED 

W3 CL •W'O •^•O 0*0 CO 

Cm 0a ■ A MM 



gS IS 12 iS IS IS IS ^S |S 

2^ r)L IP. iS. «0. Nfc go ^O. ^O. ^o. -o. 30. 



0 o o o .o o e 

^ «Q H C3 O «H 

1 t I I I t I 



^ «a to \3 co o •'^ cncn m m to 



§ 

tM S 



0 












a 












•g 
























o 












o 












-co 
























0 t 
























u 












0 












c 
































1 


1 

0 










0 


XJ 




1 


f 


1 


XJ 


0 




o-o 


o-o 


o-o 


0*0 




•a 




XI 










0 0 


01 u 


0 0 


1 0 


CM 0 


1-1 0 




^ 0 


^ c 


Csl O 


f 0 


>%o 


1 


1 


1 


1 


0 


c 


C4 0 


CM 0 


CM 0 


0 0 


c 0 


0 0 


1 


1 


1 ^ 


C-^ 






- 0 0 


0 0 


0 0 


^ 0 


£ 2 


0L> 


C C 


c c 


c c 


s c 


n C 




^ 0 


0 


c 


o a 


f-l CO 


K W 


E K 


E X 


E X 


<-i X 


>nX 


0 >% 


0 0 


0 0 


e a 


>s 0 


0 0 




1 J= 


1 X 


1 X 


XiX 


N JC 




0 


0 


0 


«l 


C 


>^ 


0 


0 




0 


01 


JZ 


C3 


H 


0 


0 




1 


1 


1 


1 








CO 


«o 




CD 


.0 





fM 


0 


CO 


^o 




\o 


o\ 


CM 








f-l 


f-l 


f>4 


tM 


CM 


tn 






<p-t 








1 


1 


1 


1 


1 


1 




»n 


CO 




0^ 







z 


z 








































































































1 








1 




0 












xj«a 


f -o 


1 TJ 


1 -o 


XJ-O 










o-^ 


01 •*4 




^ 0 


Xi 0 


XJ 0 


IJ 0 


^ 0 


•0 


t e 


. 0 CO 


CI d 


CI 0 


1 0 




CM 


•X 






CM 


0 


1 0 


1 0 


• 0 


T a 


t 0 




0-r4 


CM 


C4M 


CM-H 




• 


c 0 


1 0 


1 0 


■ 0 


c 0 


•-• U 




0 C 


0 c 


0 c 


Ti 




E IS 


c 0 


c e 


c 0 


E CO 


f-l > 


0 AJ 


XJ 




<<-l XJ 


0 XJ 


0 3 


C 


E C 


B C 


c C 


1-1 C 


M U 




Q CI 


ts V 


a 0 


>^ G) 


a >> 


N CL 


■ P. 


1 CL 


1 & 


XI C 




c 


0 


e 


0 


CI 




01 




0 




0 


£ 


•0 




H 




CO 




t 


1 


1 




1 


1 


CO 




cn 


CO 


cn 


Cl 


CM 




eo 


CO 


^a- 


CM 


cn 


CO 


00 


1-1 


•a- 




en 


m 






•a 




r-l 






rH 


f-l 




1 


1 




1 


1 


1 




en 


r-l 


O^ 







Seep B. 



00481 59 



Eac of the intcmediEtc products of Runs 1-1500 Is 
reacted vith each ^-aainocarboxylic acid of the folloving table, 
or an ethyl, methyl, t-butyl. benzyl, diphenylmethyl or 
thiopbcnyl ester thereof, to give a product of this invention 

in which \ 
Rg-C- is of the general forrnula RgC- 

R2 CODE 

wherein E is H, ethyl, methyf/ t-butyl, benzyl, diphenylnethyl 
or thiophcnyl and 

2 0 f 4 f 5 0 
-N— C— C— N— C — ^C— R^ Is the radical of 

h ^ho^ . 

intermediate of Colum C above that is used in the synthesis. 
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Examples 5A9-625 
A. Rvnthesls of W-(D-I-«-l-2-broao-pro pionyl?-L-proline- 

t: -butyl ester 

A solution of 40 umols of D-I+]-2-l)roBO-propi tiic acid la 
15 ta. of redistilled dichloromethane was cooled to -40 "C. A 
cold solution of dicyclohexylcarbodilonide (DCC), 40 inmols. in 
10 ml. of dichloromethane. was added dropwise while maintaining 
the t^erature between -35 and-40-C. After 10 minutes of . 
stirring. L-prollne-t-butyl ester, 40 mnols. In 15 ml. of 
dichloromethane at -45/C. was added dropwise with stirring. 
After 1.5 hours at -45 "C, the reaction mixture was stirred at 
A-C overnight. The precipitate of dicyclohezylurea was removed 
by filtration. The organic filtrate was washed until neutral, 
dried over anhydrous MgSO^ and filtered again. The solvent was 
removed by rotary evaporation under reduced pressure to yield 
10.6 g. of oily residue. The product exhibited an optical 
rotation, when dissolved in ethyl acetate in a concentration of 
0.036835 g./ml. of [of ]„ - -56.82». Upon elemental analysis for 
^12^20^^°3 <^°^™^* weight - 306.209). the results were 
Calculated: C 47 .04, E -6.58. N 4.57 
Found: C 47.00. H 6.52. H 4.56 

Instead of using D- [+] -2-bromopropionic acid in the above 

synthesis of the intermediate R.-R-o 

VVI |4|5,. . 
Bx-C-C-N-C-C-Rt. the foregoing 

C.^3 ^%oi 

synthesis is repeated using each acid from the following list to 

make either C^^ R^R^^ 

Br-C-C-N-C-C-R.c or a compound in which H- replaces Br 

CH3 (Rioi 



List A, 
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2-brimoarginic acid 
*2-broino-3-inethylbutyric acid 
2-bromo-3,3-di2nethylpentanoic acid 
2-bromo-3-iniidazolyl-propionic acid 
2-bromo-3-methyl-5-guanidino pentanoic acid 
L« [-] -2:^roniopropionic acid 
2-broiiioisobutyric acid 
N-t-Boc-L-alanine 

ti 

ilN-t-Boc-K-methyl-Ala 
'N-Boc-r<- methyl-L- valine 

N -Boc-r?^-metiiyl-D-valine 

N -Boc-arginine 

N -Boc-nitroarginine 

N -Boc-jf -methyl nitroarginine 

N -Boc- leucine 

N -Boc-Ile 

N -Bocxt-methyl Leu 
:jN -Boc aBparagine 

'2-bromo-4-oxopentanoic acid 

2-broiao-3-benzylthio-3-inethyl-butyric acid 

2-broiao-5-*Boc-aiiiino-3-oxo psnranoic acid 

2-bromo-5-ethoxycarbonyl-4-oxo-pentanoic acid 

2-brotiio-3-inethoxy-pentanoic acid 

2-brbmo-3- (p-hydroxy-ia-t-butylphenyl) -propionic acid 
2-bromo-3»3,3-triinethyl propionic acid 
2-bromo-2- (3 , A-dihydrcxyphenyl) -acetic acid 
2-broino-4-t-butyloxycarbonyl-pentanoic acid 
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2-bro=o-3,A-diinethylpentan ic acid 
2-bro^-5-*C0b-e:sinopentanolc acid 

2-broso-3- (A-p-hydroxyphenoxyphenyl) -propionic acid 

2-broao-3-phenyl propionic acid 

N -Boc^-f luoro Phe 

H -Boc-homo-Arg 

N -Boc-homo-nitro Arg 

N -Boc-glutamine 

K -Boc-p -methylphenyl Gly 

N -Boc-3,4,5-triiodo-Phe 

N -Boc-3,5-dihydroxyphenyl Gly 

K -Boc-3-hydroxypbenyl Gly 

N -Boc-0-ethyl-«<-iflethyl Scr 

N -Boc-trileucine 

N -Boc-(3 chlor6-3-pyridyl)-Ala 

N -Boc-(2 fluoro-6-pyr idyl) -Ala 

K -Boc-3- (2,3,4,5, 6-pentaf luorophenyl) -Ala 

N -Boc-3- (3 , 5-dichloro-2, 4, 6-trif luorophenyl)-Ala 

N -Boc-3-t-butyl ^methyl-Tyr 

N -Boc-y^,ytf-difluoro-Ala 

N -Boc-3-isopropyl-;.'f-i3eth7l-Tyr 

N -Boc-3(2,5-disiethoxy-4-aetbylpbenyl)-Ala 

N •Boc-3-(2-inethyl-4,5 dehydroxyphenyDAla 

N -Boc-2-a=ino-4-benzyloxy-6-t-Boc-hexanoic acid 

N -Boc-2-a3iino-3-inethoxy-2-i!iethylpcntanoic acid 

N -Boc7^-(4 methoxy-1 naphthyD-ct-methyl-Ala 

N -Boc-2-amino-2-inethyl-5-ethoxycarbonyl-A-hydroxy-pentanoic acid 
N •Boc-2-aniino-5-Boc-axnino-3-hydrpxy-pentanoic acid , 
N -Boc-y3,y5-diinethyl-Cys 
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ioc-2-aaino-2-aethyl-4 hydroxypencanoic acid 

i - Boc-2-aininD-6-ben2ylthio-2-methyl-5-oxo hexanoic acid 

1 -Boc-Z-ajaino-S-Bercapto-Z-methyl-S-oxohexanoic acid 

i\ -Boc-2-a2iiino-2-aethyl-4-oxo-pentanoic acid 

H -Boc-2-ai!iino-3-inethyl-A-oxo-pentanoic acid 

N -Boc-2 

-a2nino-5-hydro3^-4-oxo-pentanoic acid 
N -Boc-2-amino-4-oxo-pentanoic acid 

N -Boc-2-amino-2-methyl-4-oxo-5-ethoxycarbonyl pentanoic acid 
N -Boc-5-Cbo-asdixo-2-amino*-3-oxo*pentanoic acid 
; N -Boc-thyroaine 

Ib^Boc-N^-benzyl histidine 

N -Boc-J- (3 , 4-diinethoxyphenyl) -^-methyl-dehydro-Ala 

N -Boc-y;->-diethyl-dehydro-Ala 

N -Boc-albizziin 

N -Boc-^-oxalysine 

N -Boc-2-ainino-2-indole-acetic acid 

N -Boc,N*^Boc-Jf-hydroxy-Lys 

N -Boc,N ^hydrosqr lys 

N -Boc-J^K-methyl-Arg 

N -Boc-J^hydroxy-Arg 

N -Boc-5,5'-dihydroxy-Leu 

N -Boc-5-f luoroaspartic acid 

N -Boc-^^-methyl-aspartic acid 

N -Boc-^methylene aspartic acid 

N -Boc-p(Tos)guanidino-ph&nyl Gly 

N -Boc-p-guanidino-phenyl-Gly 

N -Boc-p-methyl Phe 

N -Boc-2-ethoxy-5-nitro-Phe 

N -Boc-p-benzylthio-Phe 

N -Boc-p-mercapto-Phe 

N -Boc-oc-methyl Phe 
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-f3 - 

N -Boc-^-nethyl-Ile 

H -Boc->^-Bethyl-9/-aainobui;yric acid 

5 N -Boc-r<Boc-ainincniethyl-valine 
N -Boc-pv''-incthyl glutamic acid 
N -Boc-p^-methyl glutamine 

N -Boc-*c-inethyl-histidine 
10 N -Boc-«^-methyl Asp 

. H -BocT<-nethyl-lic8no-Lys 

i 

N -Boc-p^-methyl-xiitro-Arg 
H -Boc-c»i-nethyl-0-benzyl-Ser 
N -Boc-^methyl-O-phenyl-Ser 
15 N -Boc-B^-methyl-O-t-butyl-Ser 
N -Boc— ^methyl-O-methyl-Ser 
N -Boc-sZ-methyl-OCp-bydroxyphenyD-Scr 
N -Boct^-methyl-O-benzyl-threoniiie 
N -Boc-c^-nethyl-O-ethyl-threonine 
20 N -BocTT^-methyl-S-t-butyl- cysteine 
: N -Boc-rC-BethylrS-aethyl-cysteine 
N -Boc-tf»^-methyl-S-benzyl-boaocystine 
N -Bocnf'-iaethyl-O-xnethyl -homos erine 

In each instance, the acid is used in its L-, D- or B,L- 
25 form to make the corresponding intermediate. 

B. Each of the foregoing syntheses of intermediates is 
repeated using each of the acids named above with each of the 
below- lis ted 



-N — t 



H-N p C Rg- compounds in lieu of 



L-Pro-t-bucyl ester to make further intermediates 

List B 
Pro-amide 
Pro- ethyl ester 
Pro methyl ester 
Pro diphenylmethyl ester 
Pro thiophenyi ester 
thiazolidine-4-carboxylic acid 
A-hydrcxy-Pro 

3- hydroxy-Pro 
A-methoxy-?ro 

4- propyl-Pro 
Pip 

Aze-2-carboxylic acid 

5- keto-Pro 

3- methoxy-?ro 
2-fluoro-?rD 

4 - B o c - aaino -Pr o 

4-B o c- aminomethy 1-Pro 
4-acetylthio-Pro 
4-f luoromethyl-Pro 
c\ -methyl-Pro 
4-iodo-Pro 
4-hydroxymethyl-Pro 

2.3- dehy dr o -Pro 

3.4- dehydro-Pro 

4.5- dehydro-Pro 
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A-hydroxy-I o 

3-hydroxy-Pro 

3-chloro-Pro 

A-bromo-Pro 

3,A-difluoro-Pro 

3-hydroxy-5-Tnethyl-Pro 

5-ph£nylthio-Pro 

2- (2 hydroxyphenyD-thiazolidpe -4 carboxylic acid 
' 5-^-hydroxyphenyl)thio Pro 

3- iDethylthio-Pro 
3-benzylthio-Pro 
A-nethyl-Pro 
A-me thy lene-Pro 
A-fluoromethyl-Pro 

Each of the list B coii5>ounds is used in its L-fora. 

C. Each of the NX-Boc intermediates prepared in A- or B. 
above is reacted with each of the oC-asnino acids listed in 
Examples A71-548 above, to yield a compound of this invention. 

Exaa^le 626 

Synthesis of N-(L-l-ben2yloxycarbonyl-3-phenyl-propyl)- 

D-Val-L-Pro-t-butyl ester 

Combine 2 nmols of L-homoPhe benzyl ester, 2 imnols of 
2-bromo-3,3-dioethyl-propionyl-L-Pro-t-butyl ester and 5 nmols of- 
silver oxide in 50 ml. of benzene. Reflux for 24 hours and then 
add 2 mmols of 2-bromo-3 .3-diaethyl-propionyl-L-proline-t-butyl 
ester and 5 inaols of silver oxide. Reflux for another 24 hours. 
Cool, filter, strip off the solvent, and isolate the named 
compound by conventional chromatrographic techniques. The two 
•ester groups are each removed as desired from portions of the 
nrnduct to vield each 
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a. N- (L-l-ben2yloxycarbonyl-3-phenylpropyl) -D-Val-L-Pro 

b. N-L-l-carboxy-3-phenylpropyl)-D-Val-L-Pr -t-butyl ester 

c. N- (L-l-carboxy-3-phenylpropyl) -D-Val-L-Pro. 

Exariples 627-704 
Using the method of Example 625, each of the bromo-intermedi- 
ates from Examples 549*625 is reacted with eacho6- amino acid and 
derivative thereof from Examples 471-548 to yield a compound 
of this invention. The following Table illustrates representative 
cosipoxmds of the invention so prepared. Since, in all of these 
conpoiinds. is CODE, vfaerein E^ 1 is OH, OCH^, t^Z^^^ 0-t-butyl, 
S-phcnyl or SH; Rj^ and Rj^q are each H and X « -HH-, only the 
variables R^^, Pv^, R'y amd R4 R5 

-i — CH CORg are covered in the Table: 

Example 705 
An intermediate of the general formula 

I \k ]^5 
N»2" <CH2)^-c-«-{: C-4lg 



t>m-4-C-^-[ C- 



.is reacted with an^-keto-carboxylic acid or a suitably protected 
e>{-keto-carboxylic acid selected from the following list: 



-96- 



List C ' -97- 

3-xnethyl-2-oxo-pcntanoic acid 

2- oxo-heptanoic acid 

3- isobutyl-pyruvic acid 
3,3-dimethyl-2-oxo-pentanoic acid 
K^-benzyl-3-ljnida2olyl-pyruvic acid 
5-ben2oylainido-2-oxo-pentanoic acid 

5- Boc-amino-2-oxa-pentanoic acid 

6- CbO-aitiino-2-oxo-hexanoic acid 
6-Tofi-ainino-2-oxo-hexanoic acid 
A-HO-phenyl-pyruvic acid 
A-ethoxycarbonyl-2-oxo-butyric acid 
A-inethylthio-2-oxo-butyric acid 
3-0H-3-inethyl -pyruvic .acid 
3-phenyloxypyruvic acid 
3,3-isobutyl-pyruvic acid 
2-oxo-decaaoic acid 

2- pxo-octanoic acid 
3.3-diinethyl-2-oxo-but:yric acid 

3- i6opropyl-pyruvic acid 
3,3-dimethyl-p3rruvic acid 
p-OH-phenoxypyruvic acid 

-Boc-aminoethyl-2-oxo-A-phenylbutyric acid 
5-niethyl-2-oxo-hepcanoic acid 

diniethylaminoethyl-2-oxo-A-phcnylbutyric acid 
A-C3-indolyl)-2-oxo-butyric acid 
2-oxo-4-(p-Cl-phenyl) -butyric acid 
2-oxo-phenylbutyric acid 
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2-oxo-adipic acid-6-xnethyl es . 
2-oxo-glutaiDic acld-5-ethyl e: ;er 

2- oxo-butyric acid 
A-inechyl-2-oxopentanoic acid 
6-inethyl-2-oxoheptanoic acid 

3- cyclohexyl-2-oxopropicnic acid 
phenylpyruvic acid 
phenylthio-pyruvic acid 
beixzylthio-pyruvic acid 
bsnzyloxy-pyruvic acid 
indole-3-pyruvic acid 
2-oxo-3*p-cyanophenylpropionic acid 

4- v^naphtliyl-2-coeo-butyric acid 

4- (3 , 4-dichlorophenyl) -2-oxo-butyric acid 
2-oxo- (4-p-phenoxyphenyl) -butyric acid 

Compounds .of the invention which are prepared by this 
method include: 
Coinpound 

Identification Coiapound Name 

A. H- (l-carboxy-2-triiDethylethyll-Arg-Pro 

B . N- (l-carboxy-4-carboxyainido-butyl) -2-amino- 

3 , 3 ,3-trimethyl-propionyl-L-4-f luoro-Pro, 

C. N- (l-carboxy-2-f luoro-2-phenylethyl) -Val-L- 

4-Eiethoxy-Pro 

D . M- (1- carboxy-3-phenylpropyl) -2 - amino- (5 -Boo- 

atiino-2-oxo)-pentanoyl-L-3,4-dif luoro-Pro. 

E. N -(l-carboxy-A-guanidino-butyl)-His-L-5-keto- 

4-Pro 

P. N-(l-carboxy-2-phenoxyethyl)-2-amino-4-oxo- 

pentanoyl-L-thia2olidine-2-carboxylic acid 

G. N-{l-carboxy-2-benzyloxy ethyl) - 0»-t-butyl)Tyr- 

L-4-nethyl-Pro 

H. H-(l-carboxy-4-Boc-aminobutyl) -2-amino-3 ,3 ,3- 

trimethyl-pr pi nyl-L-cC -methyl -Pro. 
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Compound 

Identification Compomd Name 

I. N-Cl-carboxy-2-dimethyl-2-benzylthio-ethyl) 

Gln-L-Aze-2-carboxylic acid 

J . N- r l-carboxy-4- (N-methylguanidino) butyl) -2 

amino-3*mcthoxy-pentanbyl-L-Pip 

K. K- [ l-ethoxycarbonyl-2- (p-guanidino-pbenyl) 

ethyl) -Glu Of- t-butyl es ter) -5 -phenyl -L- 
Pro 

Example 706 . 

Specific compounds of this invention are prepared by 
reacting an e^.- amino acid or ester of the general, f onmila 

Rj — vfaerein is OH, SH, 0C2H^, 

OCH2 or 0-t-butyl, vlth an intermediate 



R3 o R, R- o o R,Rc o 

Br — CH — C — CH — C — R, or G C— N-CH — C — R 



wjL u w — jx— L#n — u — ivg 
o 



They include those of the following table, wherein X » 
•Ry and Rj^Q » H, m « 0, R2 is COE2 and the variable groups are 
•as depicted: 
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Exaaole 707 -^2/- 00 ,159 

A. Synthesis f N-(l-ethoxycarbonyl-l-liydro> naechyl e; yl)- 
D,L-Ala-Pro-t-butyl ester. 

Using the method of Example A3 9. the named compound is 
prepared from -hydroxymethyl-Ala-ethyl ester and pyruvoyl-L-Pro- 
t-Bu-ester. 

B. Synthesis of N-(l-etho3cycarbonyl-2 mercaptomethylethyl) - 
D,L-Ala-Pro 

The desired compound is obtained by treating the product of 
' Step A vith ^2^5 thsa removing the t-butyl ester group vith 
HCl. 

Example 708 

Synthesis of -L-Z-TL-l-carboxy-A-CH -methyl. N -N-methyl,N- 
nitroguanidino) butyl- thioor opanoyll -L-4-butyloxy-L-Pro-t-butyl - 

I ester 

A. A solution of D-(+)-l-bromopropanoic acld(0.04 mols) In 
15 ml. of methylene dichloride was cooled to -40*C. A solution 
of DCC (0.04 isaols) in 10 ml. of methylene dichloride xras added 
in dropwise fashion and the solution was stirred at *35 to - 
40*C. for 10 minutes after which there was added L-Pro-t-outyl 
ester (0.04 mols) In 5 ml. of methylene dichloride at -45'C. The 
reaction mixture was stirred at -40*C. for 1-1/2 hours and then 
at 4*C. overnight. Working up the product in the conventional 
manner yielded 10-6 g. of the named product. 

B. About 20 ml. of anhydrous liquid ammonia is added to L- 
. 2-mercapto-5-N -methyl, N -nicroguanidino-pentanoic acid (0.003 
ilmols) while the reaction. flask is immersed in a dry ice-acetone 
'Ibath. Soditmi.iB added with scirring until a permanent blue color 

is sustained. There is then added with stirring N-(+)-D-bromo- 
propanoyr)-L-4-t-butyloxy-L-?ro t-butyl ester (0.03 moles) from 
Step A hereof. The reaction vessel is stoppered and stirred at 
room temperature for 1-1/2 hours. Ammonia is removed while the 
flask is protected, with e tube containing CaClj. The residue is 
..dissolved in water and then extracted with ethyl acetate. The 

aqueous phase is saturated and then acidified with solid potassium 

bisulfate in the presence of ethyl acetate. The solvent is 

removed with a rotary evap rator to yield the named compound. 
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Synthesis of .-thiol. ;irbonvl>A-(N -methyl, N -nitroguanid- 

ino)- butyl thio? onanoyll-L-A-t-butyloxy-Lproline-t-butyl ester 

A solution of pr duct from Example 708 (0.0015' mo Is) and 
trlethylanine (0.0015 mols) in dry tetrahydrofuran (50 ml.) Is 
cooled to -15* C. under argon and treated \rf.th ethyl chlorof ormate 
(0.015 mols). After stirring at -15*C. for 1-1/2 hours, sodium 
hydrosulfide (0.025 mols) is added and the solution is stirred 
at'A*C. overnight. The solvent dLs removed iriLth a rotary 
evaporator and the solid is dissolved in water and cooled in 
an ice bath. This solution is acidified to about pH3 with 
solid potassium bisulf ate in the presence of ethyl acetate and 
the organic phase is washed with a solution of saturated sodium 
chloride, dried over anhydrous sodium sulfide and filtered. 
The solvent is removed with a rotary evaporator to yield the 
named compound. 

- Example 710 

Synthesis of L-2-fL-l-thiolcarbonyl-A-(N* -methyl-guanidlno-butyl- 

thio-propanoyl] -L-A-hydroxy-L-Pro 

The product of Example 709 is subjected to EF teeatment at 

0 C. in the presence of anisole for 1 hour to yield the named 
product. 

:• - Example 711 

' Synthesis of N-(l,2->dicarboxy-2-fluoroethylthio)-2-phenylacetyl-L- 
thiazolidlne-A^carboxylic acid 

A. To a solution of 0.01 mol of thiazolidine-A-carboxylic 
acid in 10 ml. of IN NaOii, cooled in an ice bath, is added 5 ml. 
of 2 N NaOH and 0.01 moi of D-2-bromo-2phenylacetyl chloride, in 

. that order, with vigorous stirring. The reaction mixture is then 
stirred at 0*C. for 30 mirrares and then at room temperature for 

1 hour. It is then acidified with concentrated HCl in the presence 
of ethyl acetate, to about pH 2, with cooling. The organic phase 

is washed with a solution of saturated NaCl, dried over anhydrous 
sodium sulfate and filtered. The solvent is removed with a 
rotary evaporator to yield the named compound. 

B. Using the synthesis method f Example 708, Step B, 1- 
mercanto-2-f luorosuccinic acid is reacted with the product of * 
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Example 712 

Synthesis of N> [2* (l-carboxy-2-p-Tiitr phenyl )ethy..thio-5"Boc* 
aminopentanoyll-L-Pro-t-butyl ester 

A. This compound is prepared in the manner described in 
Example 708, Step A, using 2-brocio-5-Boc-aminopentanoic acid as 
the starting compound. 

B. This compound is then prepared in the manner described* in 
Step B of Example 708, using mercapto-3-p-nitrophenyl propionic- 
acid and the product of Step A hereof as the reactants. 

Example 713 

; Synthesis of N-f2-(l-carboxy-2-p-nltrophenyl ethyl thto)>5- 
guanidinopentanoyll -L-Pro^t-butyl ester 

The product of Sample 712 is deprotected with anhydrous 
trif luoroacetic acid in -the presence or anisole and then treated 
with anhydrous ethyl ether. The residue is dried in a vacuum 
desiccator over phosphorus pentoxide and potassium hydroxide for 
several hours and the guanidino group is introduced with o-methyl 
isourea. 

. Example 714 

:j Synthesis of W-r2-Cl,3-dicarboxyl-methyl) propylthiopropanovl) >2- 
O-hydroxphenyl-L-thiazolidine-A-carboxylic acid 

A. 2-(0-hydroxphenyl)-L-thiazolidine-4-carboxylic acid is 
prepared in the manner described in step A of Example 711, using 
2CO-hydroxphenyl)-L-thiazclidine-A-carboxylic acid and 2-bromo- 
propionyl chloride as the reactants. 

B. The desired compound is prepared in the manner des- " 
cribed in Example 708, Step B, using 2-mercapto-2-methyl : 
glutaric acid and the product of Step A hereof as the reactants. 
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Example 715 

Synthesis of W[ 2-(A-afiiIno-l-carboxy-2-hydroxybutvlthlo)butanovn- 
L-A-nethoxyoroline 

A. K-(2-broiaobutanoyl)-L-A-inethoxyproline-t-butyl ester is 
prepared as described in Step A of Example 708, substituting 2* 
bromobutyric acid and L-A-methoxy-proline-t-butyl ester for the 
reactants of that step. 

B. The desired compound is prepared as described in Step B 
of Exaiaple 708, substituting 5-Boc~emino-3-t-butyloxy-2-mercapto* 
pentanoic acid-t-butyl ester and the product of Step A hereof for 
the reactants there utilized, followed by treatment vlth trl- 

f luoroacetic acid in the presence of anisole to yield the named 
product. 

Bcamnle 716 

Synthesis of N-rL-2-C2-ben2yloxv-l-carboxy-ethylthio)-2-p-t 
butyloxy-TJhenylace tyl 1 -L-proline 

A. K-I2-bromo-(p-butyloxy)phenylacetyl]-L-proline t-hutyl 
ester is prepared as described in step A of Example 708 « using 
2-bromo*p-t-butyloxyphenyl acetic acid as the starting material. 

B. The soditam salt of 3-ben2yloxy-2-mercaptopropionic acid- 
t-butyl ester (0.01 mol) ^d the product of Step A hereof (0.01 
mol) are reacted according ro Step B, Example 708. to yield 

the Pro t-butyl ester of the named compound. The ester is 
deprotected with tr if luoroacetic acid in the presence of 
anisole to yield the named ccspound per se. 
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Escaiple 717 

Synthesis of N'f2- (S^amino-l-carboxypent/lthio ^-a-CZ-ethoxy-S- 
TiitrophenvDpropan vll-L-Pro j 
Following the procedure described in Step B of Example 715, j 
6-Boc-amino-2-iDercaptohexanoic acid and N-[2-brormo-3-(2-ethox7- 
5-nitrophenyl)propanoyl]-L-Pro-t-butyl ester are reacted to give 
the proline- t-butyl ester of the desired compound. That ester is 
then txeated with trif luoroacetd.c acid in the presence of anisole 
to give the named compound. 

Exaznple 718 

Synthesis of f 2- (l-carboxv"3"PhenylT)roPvl) -4-oxo-pentanoyll -L- 
;| 3 . A*dehydronroline 

Using the procedure described for Step B of Example 715, 
A-phenyl-2-mercapto-butanoic acid is reacted with N-(2-broao-4- 
oxopentanoyl)-3.A-dehydr6-proline-t-butyl ester, and the product 
is deprotected with trif luoroacetic acid in the presence of 
anisole to yield the named compound. 

Example 719 

Synthesis of N-f 2-l-ethoxycarbonyl-2-(p-Tos-amidino)phenvlethoxy 
propanoyll -L-proline 

j! Sodium -(O.O05 gram-atoms) was added to a solution cf the 

:i 

• ethyl ester of 2-hydroxy-2- {?-Tos-amidino)-phenylpropanoic acid 
(0.005 mols) in 5 ml. of dry toluene, fitted with a reflux 
condenser and the flask protected with a calcium chloride tube. 
The mixture is stirred at room temperature for 1 hour. To this 

: is added a solution of 0.005 ml. of K-(2-bromo-propanoyl)-2- 
proline t-butyl ester and the mixture is stirred at room 

; temperature for 5 hours and then ref Ixixed for another 20 hours . 

• The mixture is then cooled to room tenperature and the precipitated 
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sodium bromide is removed by filtrstion. Ethyl acetate is 
then added to .the organic phase, which is then -washed with 
water. It is then dried over anhydrous s dium sulfate, 
filtered and the solvents are removed with a rotcrry evap- 
5 orator. The protecting group, t-butyl ester, is then 

.removed by treatment with tri fluoroacetic acid in the pres- 
ence of anisole to yield the desired product. 

Example 720' 

. Synthesis ;oFN-^{2-'(.1-carbljyvO'-0henv lcroDyl'oxy)'-3- 
10 pentafluofophenyl]"propanoyl3"L -proline 

Using the procedure just described in Example 719, the 
named compound is prepared from the reactants 2-hydroxy-4- 
phenyl-butanoic-t-butyl ester and 2-bromo-3-pentafluoro- 
phenylpropanoyl-L-^proline-t-butyleater. 
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Exampl e' "7 1 

methylprf'P6noyl'3-t-broline «' 
0.25 mmolea of 3-mercapto-2-D-methylpropanoyl-l-prolioe, 
0.28 romolBS f 2-broinopropanoic acid and 0.16 romole of 
K CO3 were added to 0.6 ml. of a 50:50 mixture of absolute 
ethanol and water. The suspension was stirred overnight at 
room temperature. 0.25 mmoles of K^CO^ in 0.15 ml of water 
was then added and the reaction- mixture was stirred for an 
additional 24 hours. This mixture was then scidified to pH 
2.0 with HCl and the product was extracted with ethyl ace- 
tate. The organic phase was washed with saturated NaCl. 
The product appearedto be pure and behaved as a single sub- 
stance on thin layer chromatography in two separate solVent 
systems. The ethyl acetate phase was dried over anhydrous 
MgSO^ and the. solvent was removed with a rotary evaporator 
to yield the named compound as a colorless oil. 

Example -722 " 
Synthesis of N-(1 -thiocarbonyl•-3-phe^v lp^opyl)-L- 
al a n yl -V-ti roll ne 

A solution of 0.15 mmoles of 2-keto-4-phenyrhutyric 
acid plus 0.15 mmoles of thiophenol in redistilled chloroform 
is cooled to -50»C in an acetone-dry ice bath. To this 
solution is £dded-J).'i5 mmoles of a precooled solution of 
dicyclohexylcarbodiimide (OCC) in chloroform and the mixtuxe 
is stirred at -SCC for 1 hour. The reaction mixture is 
slowly warmed -to room temperature and stirred for an addition 
al 2 hours and then stirred at 4*C overnight." The mixture is 



( 48159 

- 128 - 

filtered to rem ve dicyclohexylurea, th led ..n an ice 

bath. The organic phase is washed with cold water, colcf lU 
MaHCQ^ and finally with cold saturated NaCU The organic 
phase is dried ovsr anhydrous MgSO^ and filtered. • The 
5 solvent Is removed with a rotary evaporator yielding the 
thiophenyl ester of 2-lceto-'4-phenj3butyric acid. 

A solution* of 40 mmoles of L-Ala-L-Pro and 200 mnoles 
of the product above in absolute ethanol is stirred with 
powdered molecular sieves at roonutemperature for 1/2 hour. 
10 A solutloa'of 40 nnoles of aodiun cyanoborohydride io 

ethanol is then slowly added over the course of six hours. 
The reaction mixture is filtered and the solvent removed 
with a rotary evaporator to yield the named product. The 
thio acid fiiay be formed by removing the thiophenyl group • 
15 of the thiophenyl ester with NaSH. 

Example^ 723' • 
Synthesis' bf >f-t3->(1'-'carbbxyl'-3>roethylpentyl- 
t hi o) -2 -toethyl p rop a noyir-L'-pr dli ne 

2-mercapto-4-roethylhexanoic acid ethyl ester is pre- 
20 pared from the corresponding 2-hydroxy compound according to 
Erlenmeyer (Ber. 36)^720 (1903). 

20 mmoles of methacryloyl chloride- is added with 
- vigorous stirring to a eolOtion. of 20 mmoles of L-prolloe in 
.a mixture of water and sodium -bicarbonate chilled in an ice 
25 water bath.' The mixture -is then stirred at room temperature 
for 2 hours and then 0Xtract.ed with ether. The aqueous phase 
is acaified with INHCl and extracted with ethyl acetate. 
The *organic phase is concentrated to dryness in vacuo. A 
suspension of 10 ramoles^f the residue and 10 mmoles of 2- 
30 'mercapto-4-methylhexan6ic -acid ethyl ester in toluene is 

refluxed for several hours until the reaction is essentially 
completed as indicated .by thin layer chromatography. The 
mixture is stored overnight at room' 
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tempera'tiire. Solvent is removed with a rotary evaporator 
ylelxfing .the fthyl .ester .of .the named product.* I IF the 
free acid is desired, the ester product Is saponified with 
NaOH to form the sodium salt of the naised productv The 
named product Ss obtained by acidifying the sodium salt Kith 
one equivalent -of HCl.' ' 

Exampl'e' -724' : 

. Synthesis of N-[2-Ct"Oarboxyl>>2-phenyle1lvlthio)- 

. 3 -0 h'etiyipyop anoylQ -L-t>yol i nte' ' 
Phenylalanine (Bg.) in 110 ml. of 48S HBr at -S^'C is 
reacted with a cold, solution, of 10 g. NaNOj in 20 ml. of HjO 
at for 30 rinutes substantially as described by 
Yankeelov and Jolley (Biochemistry 11, 159 (1972»to yield 
the Q-Br derivative. Thdttis, Br replaces the amino group. 
The product <15 mmoles) is reacted with 15 mmoles of the * 
ethyl ester of 2-mercapto-3-phenylpropan6'ic acid in a mixture 
of ethanol and water containing K^CQ^. The mixture is stirred 
until the reaction is complete as judged by thin layer 
chromatography. The solvent is removed with a rotary 
evaporator.. 15 mmoles of this product and 15 mmoles' of N- 
hydroxysuccininide is dissolved in dimethyl formamide (OMF) 
and cooled to O^C in an ii-ce-a-cetone bath. 15 mmoles of di- * 
cyclocarbodiimide (DCC) in DMF is added dropwise and the 
mixture atirred at O^C. for 30 minutes and at '4^C. overnight. 
Crystalline dicyclohexylurea is removed by filtration. The 
solvent from the filtrate is -removed under reduced* pressure. 
The' resulting product is dissolved in cold tetrahydrofuran 
(THF) and then this solution, is added to a cold -solution of 
15 mmoles of L-Pro and 15 mmoles of NaHCO^ in THF/water. 
The reaction mixture is. stirred overnight at room temperature 
and then the THF is remov.ed with a rotary evaporator. The 
ethyl ester is remov.ed by saponification -with NaOH to form 
the sodium salt and the named free acid is formed by acidffi- 
cation with HCl. 
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Using an alternative method, the L,3,A-4ehydroproline 
analog of this product/is made. In this method, the thyl 
ester of a-Br-3-phe„ylpropanoic acid is reacted with 
2-mercapto-3-phenylpropanoic acid. The resulting .compound xs 
converted into its K-h.ydroxysuccinimide active ester as 
described above and then coupled to L-3,A-dehydroproline. 
or the resulting co.npound is coupled with DCC to L-3,4. ■ 
dehydroproline ethyl ester. In either case, the ethyl ester 
proVectian is removed by saponification. 

Example 725 ' " 

■^ ynthBsis of ■^-m--carboxy) - r >« pvl°^vT-5-°"^"°h°^»"°y^- 

L-thioproliTi£ ti 

5 mmolea of the compound Pht-NH-(.CH2)^-CH(OH)-C.0H is 

dissolved in ethyl acetate and cooled to 0-C in an ice-acetone 
bath. 5 mmoles of DCC in EtOAc is added followed by the 
addition of 5 mmoles of L-thioproline ethyl ester in EtOAc. 
The reaction mixture is stirred overnight at A-C. The 
reaction mixture is «orked-up by the addition of ethyl 
acetate and filtration. The filtrate is washed with satur- 
ated NaGlV NaHCO, and finally saturated NaCl." The 
organic phase Ls dried -over anhydrous MgSO^ and the solvent 
removed by a rotary evaporator to yield 

5l ■ * 

^ KH - (CH2)4 - CH(OH) - C - H -LCOOC2H5. 

5 -mmoles -if^ the ethyl ester of 2-Br-butyric acid is 
added, plus 1 .equivalent of sodium to produce the ether 
' compound. The Pht group is removed by hydrazinolysis. The 
ethyl esters are xeaoved by saponification with NaOH and 
free acid formedlby acidification with HCl. The named 
product is obtained, by- eVBporation of solvent or crystalli- 
^ zation followed by filtration, or decantation. _ 
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* Example 726' ; 

• Synthe'siB" 'oT 3 -N:- (1 -ca'rboxy'-2 -phenyl ethyl j-.^^ 
Bminopropanl3yl-X-'5'->1gBtb'^-proli'he' 

60 mmoles-of 3-N-(benzyloxycarbonyl )-8minopropanoic acid 
is dissolved in CH2CI2 at O^C. 20 mmoles of N-hydroxy- 
5 succinimide is added and then 20 mmoles of DCC is added drop* 
wise to this mixture. The reaction mixture is stirred for 
30 minutes at O^C and then overnight at 4^C« Crystalline 
dicyclohex'^urea J.8 xemoved by filtration. The solvent from 
ths filtrate is removed under reduced pressure. The resulting 

10 product is dissolved In cold THF and then the solution is * 
added to a cold .solution of 20 .mmoles of L-glutamic acid and 
40 mmoles of NaHCO^ in THF/water. The reaction mixture is 
stirred overnight at xoom temperature and then the THF i& 
removed with a rotary' evaporator. The glutamyl residue as 

15 cyclized to give the L-5-keto-p.Toline residue according to. 
Gibian H. and Klieger E. , Justus Liebig's Ann . C'hemie. 2640 , 
14*5 (1961). The benzyloxycarbonyl group is removed by 
treatment with hydrogenolysis. 

A solution of 40 mmoles of this product and 200 

20 mmoles of 2-keto-3-phenylpropanoic acid t-butyl ester lo 
ethanol Is stirred with powdered molecular sieves at *room 
temperature for 1/2 -hour. A solution of 40 mmoles of sodium 
cyanoborohydride in ethanol is slowly added over the course of 
six hours. The xeaction. mixture is filtered. The t-butyl 

25 ester' is removed by treatment with TFA in anisole. The named 
product is obtained after -removal of the solvent with a 
rotary evaporator. 

Example^ 727 ' 
Synthesis" of •N-C2-(T-ca:r-bbxyethylfhlb')- 
50 p r 0 p a n o yl '] ->jL'-3 -h'y d r b xyp r oll^ne 

Into 200nnmoles of ~2-'bromopropionic acid dissol'vied in 
350 ml. of dry dichLoxomethane plus 2 ml. coned. HjSO^ is 
bubbled a stream of 2-methylpropehe at room temperature for 
1% hours, .and the sealed vessel i.s stared overnight , to form 
'5 the t-butyl ester. .The volume of the solvent 
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ia reduced by two-tj izds under reduced pressure* The 

• residual soluti*on diluted in ethyl ether and the organic 
phase is then washed successively with IN s dium bicarbonate, 
and aaturated a dium chloride. The organic phase is dri d 

5 over magnesium sulfate and the solution is filtered and the 
solvent is removed at reduced pressure. The t-butyl ester 
is then purified by vacuum distillation. 10 mmoles of the 
product is reacted with 10 mmoles of thiolactic acid in a 
mixture of ethanol and 'water containing ^2^0^^ The mixture 
is stirred until the reaction, is complete as judged by thin, 
layer chromatography* The solvent Is removed with a rotary 
evaporator. The residue is dissolved in water and washed 
with ethyl ether. To the. aqueous solution is sdded 25 ml. of 
ethyl ether and- 5 -ml.* of ethyl acetate. The mixture is 

15 cooled in an ice bath and then acidified with coned. HCl.' 

The organic phase is separated and washed twice with satura- 
ted sodium chloride and then dried over anhydrous MgSO^ and 
filtered. Solvent is thereupon removed with a rotary evap- 
orator. 5 mmoles each of the product and N-hydroxysuccinimid 

20 are dissolved in CH2CI2/OMF (.7:2 by vo).u'me} and cooled to 
«-4^C in an ice-acetone "bath. .5 mmoles of DCC in dichloro- 
methsne are added dropwise and the mixture stirred at >-4"C 

• for 30 minutes and at ■+6*C overnight. Crystalline dicyclo- ' 
hexylurea is removed by filtration, and the solvent ia 

-25 removed from the 'filtrat-e under reduced pressure. The 
residue is dissolved in CtOAc, washed until neutral and 
recovered from^the solvent.. The resulting product is 
dissolved in IHf and water (Ji-I) at room temperature and 
then this solution is added dropwise to 5 mmoles each of 

30% L-3-hydraxyproline and NaHCO^ in. THF/water (1:1) which has 
been prepared by dissolving L-3-hydroxyproline in THF, 
added dropwise, followed by addition of H^O and NaHCO^. 
The reaction mixture is stirred overnight at room temperture 
and then the THF is removed ^ 
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with a rotary evaporatar. The t-'butyl ster is removed by 
tr atment with TFA in anisole to yield the n^med pr duct.« 

Example. 72B 
Synthesis, of. ■N-.XZ.-mercaptoisofiropylO^L- ; 

5 aLAnyl— L-proli'ne » 

60 mmoles of pyruvic acid is coupled to 60 mmoles of 
L-proline t-butyl ester using 60 mmoles of DCC as described 
in Example 722 to yield M-pyruvoyl -L-proline ethyl ester. 
40 mmoles of this product is reacted with 200 mmoles of 2- . 

-10 amino-l-propanol in ethanol with stirring in the presence of 
molecular sieves at Toom temperature. A soluti*on of 40 mmoles 
of sodium cyanoborohydride in ethanol is then slowly added 
over the course of 6 hours. The reacti*on mixture is filter- . 
ed and the ©olveht 'remov-ed by a ^rotary evaporator. The 

15 product, is purified by partition chromatography (Sephadex 
e-25 developed-.with butanol/acetic acid/H20(4:1:5). 20 
mmoles of this product is converted to the corresponding 
mercapta compound as- described in Examples 723. The ethyl 
ester is removed by saponification to yield the named 

20 product.* 

Example. 729 . 
Synthesis -of. .2-.[1-^'carboxy.-2i-phenylBthoxyl . 
. proDanoyL-L-prdl-ine - 
5 mmol-esi-of -2-h*ydroxyl-3-p,henylpropanoic acid ethyl 
25 ester and 5 mmoles of 2-bromopropaQoic acid t-butyl ester 
are reacted in the presence of 1 equivalent *of sodium to 
form the -product*'2-C (l-ethoxycarbonyl-2-phenyl )-ethoxy]prop- ; 
anoic acid t-butyl ester. The t-butyl ester Is removed by 
treatment >d.th -TFA In anisole. The resulting product (5 
30 mmoles) is dissolved in DMF and reacted with 5 mmoles of 
L-proline in the presence of 5 mmoles of DCC as described 
in Example 725. The ethyl ester is removed by saponifica- 
tion with ethanollc KOH and the acid formed by acidification* 
'J5 with HCl yielding the named product.' ^ 
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- 3:54 - 

• Example 730 ' * 

• H -T2 - (t fc>t rah vdr -T-me th yl -2-f u ranone -3 -thib - ; 
p r opa no yl'l -L-p rol i ne 

A solution, of 1.-52. ml. (0.011 mole) of anhydr us KjCDj 
in 3 ml. of water was added dropwise to a solution of 1.8B 
grams (0.0105 mole) of a-bromo-iT-valerolactone and 1i0 6 gm 
(0.01 moles) of thiolactic acid in 3 ml. of absolute • 
alcohol with stirring and cooling in ao ice-acetone bath. 
The cooling bath was removed 5 xiinubcs after complete 
addition of the" bicerbonate solution. The mixture was 
stirred at room-temperature overnight and 20 ml. of water 
was added. . It was thea washed 3 times with diethyl ether, 
cooled in an ice -bath, acidified with 1.0 ml. tif concentrated 
HCl and extracted three times with 10 ml. of diethyl ether. 
The combined organic phase >#as washed 3 times with aqueous 
saturated NaCl, dried over anhydrous MgSO^ and filtered. 
Solvent was removed with a rotary evaporator. The product 
was a light yellow oily residue in a yield of 1.77 gm. 

It showed, upon infrared examination in chloroform, a 
strong j broad carbonyl band of the COOH group at 17^0 cm" , 
a very strong, sharp' carbonyl band characteristic jof lactone 
st 1768 cm"^, a strong, .sharp, lactone ester band at «1178 cm 
snd there was also absorption between 2400 and 2800 cm" . 

The crude 4>Toduct was xlissolved in 4 ml. of dichloro- 
ethane with cooling .in ,an ice-acetone bath. There was added 
0.997 grams (t00087 moles) of hydroxy succinimide in 2 ml. 
of dimethylformamide with continued cooling, followed by 
addition of 1.969 grams (.0087. moles and 10S excess) of di- 
cyclbhexylcarbodiimide dissolved in.4 ml. of dichloroethane. , 
The mixture was stirred in the ice-acetone bath for 30 minutes 
and then stirred at-4»C overnight. Oicyclohexylurea (1.78g.) 
was removed by filtrati-on and washed with ethyl acetate 
(20 ml.) and diethyl ether (10 ml.). The remaining organic 
phase was washed twice with IN sodium bicarbonate and twice • 
with saturated NaCl and dried ; 
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over anhydrous MgSO^ and filter. i. The si i.ir was then 

renjnved ijnder high vacuua to give 2.62 g. £ a light, oily 

residue. 

A50 ing. (1.5 xzsnoles) of the crude oily residue in 1 ml. 
of dioxane was added to a solution of 1.72 mg. (0.55 izanoles) 
of L-proline and 146 xag. (1.5 inmoles) of NaHCO^ in 1 ml. of 
vater and the laixture vas stirred at roora tesperature for 30 
lainutes. 0.5 2il« of dioxane vas then addedLand the mixture 
was stirred at roos tei^erature overnight. The reaction being * 
then incomplete, 2 ol. of dioxane and 1 nl. of water were added 
and the mixture -was stirred for an additional 24 hours. 10 ml. 
of water and 1 ml. of IB sodium bicarbonate were then added and 
the mixture was extracted four times with 2 ml. of diethyl 
ether. 10 ml. of ethyl acetate was then added and the mixture 
cooled in an ice bath and acidified with concentrated HCl to 
pH2, The aqueous phase vas extracted three times with 5 ml. of 
water and the combined organic phase was washed 3 times with 1 
ml. water and twice with saturated KaCl solution. The organic 
phase was dried over anhydrous ifeSO/^ and filtered and the 
solvent removed under high vacuum yielding 313 mg. of a thick 
oily residue. After purification by Sephadex.IH-20 column 
chromatography (1.2 x 97.5 cm.) and repurification by the 
same system the .product in chloroform solution was examined 
by infrared. It retained the strong, sharp ester band of 
lactone at 1181 cm"^, shoved a new strong, sharp amide carbonyl 
band at 1640 cm"^, the carbonyl band of the carboxyl group 
appeared as a shoulder at 1722 cm*^, a very strong, sharp 
carbonyl band of lactone appeared at 1760 cm~^ and COOH 
absorption appeared between 2400 and 2800 ca'^. The product 
was subjected alco to paper electrophoresis at pH2 and 5 



Exasrole 731 ' " 
n-2'(l- carboxyl-3-hvdroxYbutvl thio) -pr opanoyl - L-prol ine 
The product of Example 730 (0.5 naaole) is contacted with a 
nolar excess (0.8 naole) ethanolic KOH for 3 hours. Ethanol is 
renoved vith a rotary evaporator, 5 ml. of ethyl acetate and 1 
nl. of vater is added and the mixture is cooled. It is then 
acidified vith concentrated HCl to pH2, washed twice with water 
and 3 times with saturated salt solution, dried over anhydrous 
MgSO^^, and filtered. The solvent is then removed with a rotary 
evaporator and the product is then subjected to thin layer 
chromatography . 

Example 732 

(l-carboxvl-3-acetyloxybutYlthio) « propanoyl-L-proline 
The product of Example 731(0.5 a. mole) is dissolved in 1 ml. 
of pyridine and reacted with acetic anhydride (0.75) moles. 

i 

: Completion of the reaction is determined by thin layer 
chromatography. 

Example733 

Synthesis of N-l (l-carboxy-2-ben2yloxy)ethylJ-alanyl-L- 
£roltoe___ ^ 

H-pyruvoyl-L-proline, 50 isnoles, (prepared as described la 
Example 728 is reacted with 10 ranoles of the ethyl ester of 
0-benzyl-serine in-cthanol vith stirring in the presence of 
molecular sieves at room temperature. A solution of 10 mmoles 
of sodium cyanoborohydride in ethanol is added slowly over 
5 hours. The reaction mixture is filtered and the solvent of 
the filtrate removed by a rotary evaporator. The product is 
purified by conventional colxasn chromatography techniques. The 
ethyl est r gr up is removed by saponification to yield the 
named compound. 
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Exanples 7" . 

By substituting the ethyl est jt of 0-benzyl-serine in 
Example 733 vith the ethyl ester of each reactant compound 
listed in the Table, a series of analogs are foraed of the 
general forxsula: 



El Cri, 0 

HC - M - CH - C ^ N 
I 

COOEt 



n 



-C - COOH 



vherein Hj. is &s shov-n ixi the table. The ethyl ester Is 
converted to free acid, if desired, by saponification in each 
instance. 

Table 



Exanole Ko. 
735 

736 

737 

738 

739 
740 

■ 741 
742 

743 



Reactant 

Ethyl ester of O-nethyl- 
eerine 

Ethyl ester of 0-ethyl- 
serine 



CH20CH2- 



CH3CH20CH2- 



Ethyl ester of 0 
serine 



•OCH2- 



Ethyl ester of K-6-Boc- 
omithine 

Ethyl ester ox H-e-Boc- 
lysine 

Ethyl ester of N-ecbo- 
lysine /\ 



Ethyl ester of O-benzyl 
threonine 



Ethyl ester of 0- ethyl- 
threonine 



Ethyl ester of O-t-butyl- 
threonine 



H 



Boc-N-(CH2)2- 

Boc-N-(CH2)/i- 
H 

Cbo-N-CCHj)^- 

CH3-CH- 

I ^ ^ 
CH^-CH- 

0-C-(CH3)3 

CH,-CH- 



Table (cont.) 



E^axDle No. Reactant 



744 Ethyl ester of 0-benzyl 

tyrosine 




7A5 


Ethyl ester of O-rsethyl 
tyrosine 




746 


tyrosine 


CH2CH20^CH2- 




Ethyl ester of 0-t.butyl 
tyrosine 


(CH3)3-C-0-*CH2- 


748 


Ethyl ester of S-benzyl 
cysteine 


. ^CH2S-CH2- 


749 


Ethyl ester of S-methyl 
cysteine 


CH2S-CH2*' 


750 


Ethyl ester of S- ethyl 
cysteine 


CH3CE2-S-CH2- 


751 


Ethyl ester of S-acetyl 
p enicil 1 aaine 


(CH3)2 - C - 

S-C-CHo 

11 ^ 
0 



Exaaole 752 

The products of ExarB?les733 and737 are each converted by 
treatment with anhydrous HJ in the presence of anisole so 
that of the fonaula of Exan^leVSA becomes HOCH2. 

By the saae treatr:eiit the product of Exainple738 is converted 
so that Ri thereof is irri2(CK2)3-, the product of Exainples742 
and743 are converted to a product in which becoses 
OH 

CH3 - CH -, and the products of ExaE?les744 and745 are each 



converted to a product in which Rj^ is 




i 
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c:>_^r>,. cl5 of K>[(1.3-dicar :^xv^proDvn>Alanvl>ProliTie 
A solution of 50 lamoles of the diethyl ester of c-keto- 
glutaric acid and 10 naoles of L-Ala-L-Pro in ethanol Is stirred 
with powdered molecular sieves at rooa temperature for 30 
minutes. A solution of sodium cyanoborohydride, 10 maoles, 
in ethanol is added slowly over the next 5 hours. The mixture 
is filtered, and the solvent of the filtrate is removed with a 
rotary evaporator. The residue is dissolved in 607. acetic 
acid, and the solution is extracted twice xrxth ethyl acetate. 
The solvent of the aqueous phase is removed by freeze-drying. 
The product is obtained by partition column chromatography 
[butanol/acctic acid/H20 (A:l:5 by vol.)]. The named compound 
is obtained by removing the ethyl ester protecting groups by 
saponification. 

Example 75A fj^ 

Synthesis of N-I2-(dicarboxyethylthio)-butyl]-4-keto-L- ^ 
proline , ^ . — 

The acid chloride of 2-bromo-butyric acid, 10 mmoles, and 
2M HaOH, are separately added dropwise over 30 minutes to a 
solution of L-A-keto-proline, 10 imoles. in 1 M KaOH: all at 
0*C. The reaction is then stirred at room temperature for 
3 1/2 hours. The mixture is cooled to 0*C and then acidified 
with cold concentrated H2SO4 to ?H 2. The mixture is extracted 
A times with ethyl acetare. The ethyl acetate extracts are 
pooled, and the resulting solution is extracted with 10 izmol 
of NaHC03 in H2O. Tne aqueous phase is extracted several 
times with ethyl acetate and then is acidified with concentrated 
HCl in the presence of fresh ethyl acetate. The organic 
solution is washed with saturated NaCl and then dried over 
anhydrous MgSO^. After filtration, solvent is removed under 
high vacuum. The residue is diss Ived in ethanol and is 



' 0048- 59 

sodius ethoxide as base; all at 0*C. nixturc is stirred 

-undsr K2 for 10 minutes at O'C and then ac roon temperature 
overnight. Solvent is removed with a rotary evaporator. The 
residue is dissolved in H2O, and the solution is extracted 
-.71 th diethyl ether. The aqueous solution is acidified to pH 2 
with concentrated HCl and the product is extracted into ethyl 
acetate. The ethyl acetate phase is washed with saturated 
2?aCl and then dried over anhydrous KgS04. After filtration, 
solvent is removed under reduced pressure. The named • coa^dund 
is obtained by partition coluxsn chromatography (Sephadex G-25 
equilibrated and developed with butanol/acetic acid/H20 
IA:1:5]). 

Zxaaiple 755 

Synthesis of N-I (l-csrboxy-2•phenyl)ethyl]-alanyl-L- 
proline_thio^_acid . 

Proline thiophenyl ester, 40 izmoles, is coupled to pyruvic 

acid, 40 smolesi usl^g the DCC coupling procedure of £xaizq)les 

•22and724to yield N-pyruvoyl-L-proline thiophenyl ester. L- 

Phenylalanine, 5 rznoles, and N-pyruvoyl-L-proline thiophenyl 

ester, 20 tssioles, are stirred in ethanol with molecular sieves 

at room temperature for 30 minutes. Sodium cyanoborohydride, 

5 EEoles, is added slowly over 6 hours. The molecular sieves 

are removed by filtration, and the solvent of the filtrate is 

removed under reduced pressure. The benzoyl group of the 

thiophenyl ester is removed with NaSH in ethanol, under to 

yield the named compound. 

Example 75 6 

Synthesis of M-(l-Emido-isopropyl)-alanyl-L*proline 
H-pyruvoyl-rL-proline is prepared by the DCC coupling 
method of Examples722and724. Leucine amide, 5 mmoles, and 
N-pyruvoyl-L-proline, 25 moles, are stirred In ethanol with 
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After i Lt ration. the solvent of the filtrate is removed under 
reduced jrcssure. The named compound is obtained by 
chroaatoiraphy on rH-20 equilibrated and developed with 67. 
butanol. 

Example 757 

Synthesis of N-I a-carboxy-2-phenyl)ethyl)-alanyl-L- 

proline amide 

N-pyruvoyl-L-?roline amide is prepare^by coupling 20 

nnnoles of pyruvic acid and 20 nmoles of L-proline amide 

essentially as described in Ex2nple722. L-?henylalanine , 

•5 amoles, and N-pyruvoyl-L-proline amide, 20 omoles, in 

tetrahydrofuran are stirred vitb nolecuUr sieves for 30 

minutes and then sodium cyanoborohydride, 5 icmolcB, Is added 

slowly over- 6 hours. After filtration, solvent is removed from 

the filtrate. Tne ethyl ester is removed by saponification to 

yield the named compound. 

Example 75S 

Synthesis of N-[2-(l-carboxy-2-phBnylethylthio)-3- 
benzvloxypropanoyll -L-pro line 

O-Benzyl-serine is converted to 2 brono-3-benzyloxy- 
propanoic acid by the bromination technique described by 
Testa et al. (Helv. Chim. Acta A6, 766, 1963). 

This compound is-converted into its H-hydroxysuccinimide 
ester according to the method of Example 724and is coupled to 
L-proline-t-butyl-ester as is also described in Example 724. 
This method will not work f=r dehydroproline. 

The resulting product is then reacted with 2-mercapto-3- 
phenylpropanoic acid essentially as described in Example 72A. 
The t-butyl ester is removed by treatment with trifluoro- 
acetic acid in the presence of anisole to yield the named 
compound . 
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Exacples 759-7 63 

By Eubsticuting one of the reactants of the following 

Table for 0-benzyl-serine in Example758, a series f analogs is 

obtained in vhich II3 is as shown: 

CH - S - CH - C - N L- COOH 

COOH 9"*' 

Table 



1 



Example Reactant R3. 

755 O-methyl- serine CH3O-CH2 

760 0- ethyl- serine C2H5O-CH2 

761 O-benzyl-threonlne ^CH20^H- 



CH3 



762 O-methyl-threonine CH3O-CH- 

7g3 o-ethyl-threonine C2H5-O-CH- 



CB3 



Exasple 764 

The Qompound synthesized in each of Example 758 and 
Example 761 are, by treatment vith anhydrous HF in the presence 0^ 
of anisole, converted to compounds in which R3 is respectively At 



either HOCH2- or HOCK-. 

CH3 



Example 76 5 

• By the methods described in United States Patent No. 
4,204,991, the serine based compounds of Examples 759-760 are 
converted into the corresponding dehydro-alanine analogs, and 
the threonine based compounds f Examples 761-763are converted 

.» / J. v.. J ». --.tj n * •* 



Exapple 766 -/^^ ^ 
By reacting the 2-brQno compounds produced i:i the secc 
step of each of Exacples758-763 inclusive with 2-hydrcxy-3- 
phenylpropanoic acid ethyl ester in the presence of 1 equiv,:ient 
of sodium, analogs of the compounds of each of Examples 758-763 
are formed in which the thioether linkage is replaced with an 
ether, oxygen. 

Example 767 



Synth'esis of K- Cl-ethoxycarhonylethyp^L-alanyl-L-proline jf 
N-pyr^voyl-L-proline, 50 mmoles (prepared as per Exar5)le 



ne J 

- 

is reacted with 10 mmoles of the ethyl ester of alanine and then^-T 



;Witb 10 isoles of sodium cyanoborohydrlde according to the 
method of Example 733 . The product Is recovered and purified 
as described in Example 733. 

Example .76 8 

The inhibitory potency of several compounds in vitro was 
measured in the following assay. The I^g values are reported 
in Table 1. Himian plasma ACE was assayed in 0*05 H Hepes 
buffer, pH 8.0 containing 0.1 M NaCl'and 0.75 M Ha2S0^, 
The substrate e^ioyed was hippuryl-His-Leu at a final 
concentration -of 1 x 10*^ M, G&a - 2 x 10"^ M) » together 
with about 130,000 cpm/50 ^ of [3H]hippuryl-His-Leu (25 
Ci/rnnole) . Enzyme was diluted in the above buffer such that 
40 ul of buffered enzyme was capable of hydrolyzin^ 137, of 
substrate in a 15 minute itic-.:bation at 37 ^C. To initiate 
the assay, AC ^1 of enzyme and 10 jil of buffer or inhibitor 
dissolved in buffer were preincubated for two minutes at 
37*C. Substrate, 50 ^1, was then added to initiate reaction 
and the solution was incubated for 15 minutes at 37 ^C. To 
terminate the reaction, 1 ml of Oil M HCl was added, following 
which 1 ml of ethyl acetate was added. The mixture was 
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- 144 - 

An aliquot, 500 ul. of the ethyl ac tate lay r was 
transferred to a liquid scintillation vial containing .10 ml 
ofRiafluor, trademark New England Nuclear Corporation, Boston, 
Massachusetts. Tor determination of Ijq values, enzyme 
activity in the presence of inhibitor at a series of differenl 
concentrations was compared to activity in the absence of 
inhibitor. A plot of log inhibitor concentration versus per- 
cent inhibition yielded the Ijq value; the concentration of 
inhibitor required to reduce enzymic activity by 50S. 

Table -1 • 

. Compound ^50 

" —6 

N-Ej-(1-carboxyethylthio)-2-D- 1-5 x 10 M 

methylpropanoyl]-L-proline 

N-[2-(1-carboxy-3-hydroxy-butylthio)- 3 x 1& M 

propanoyl]-L-proline 

N-[.2-(tetrahydro-5-nethyl-2-furanone- 1.3 x 10" M 
3-thio)-propanoyl3-L-proline ^ 

N-(1-carboxyethyl)-L-alanyl-L -proline 8 x 10" M 

(Known Compound) 

N-(1-ethoxycarbonylethyl)-L-alanyl- _ 

L-proline 6 * ""O" " 

N_[2-(1-carboxyethylthio)-propanoyJ3-L- 

-Kno ^ X 10"'m 

proline 

Example 769 • 

Intravenous- EfTectiveness of ^-t3-( 1-car boxyethyl-. 
thio ) -2-D-methVlpropanoyl 1-L-prolinte' ' 

Rats (190-290 g body weight) were fasted overnight and 
then anesthetized with intraperitoneal pentobarbital, 50-60 
mg/kg. Tracheostomy was performed and the animals were 
ventilated mechanically. A cannula was inserted into a 
femoral vein for injection of angiotensin I, and a second 
cannula was inserted into a common carotid artery for 
direct measurement of arterial blood pressure. Heparin, 
1,000 units, was injected via the femoral vein to prevent 
coagulation. Blood pressure was measured with a pressure 
transducer connected to a polygraph. The rats were injected 
with 400 ng/ml of angiotensin I in 20 vl 
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c: 0.9 g 7. NaCl; an amoxant of angiotensin I cufficienu to raise 
cean arterial blood pressure by approximately 40 mm Eg. 
After the responsiveness of a given rat to angiotensin I vas 
established, the named comp iind at 20 jmole/kg (drug dissolved 
in 0.15 ml of H2O plus 10 ^1 of 1 K NaHC03), was given 
intravenoxisly. At tisied intervals, the effects of 400 ng/kg 
of angiotensin I on mean arterial blood pressure were tested. 
Results are shown below: 

Tine After IV Blood Pressure Reponse to 

Administration 400 ng/kg of Angiotensin I 

(minutes) (7> of Control) 



-5 1007. (40 mnHg) 

+2 67.5 
8 62.5 
15 37.5 
21 37.5 

While the invention has been described in connection with 
specific embodiments thereof, it will be understood that it is 
capable of further modifications and this application is intended 
to cover any variations, uses, or adaptations of the invention 
following, in general, the principles of the invention and 
including such departures from the present disclosure as come 
vithin known or customary practice within the Bxt to which the 
:rivention pertains and as ^lay he applied to the essential 
fixtures hereinbefore set forth, and as fall within the scope 
of .the appended claims. 
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1. Novel conpoxmds having thi general formula 

f 1 0 f4 [5 0 

-f* ' ^ - ^^^2^0 - C* - C - N - C - C - Rfi 

whereinx and ^ are 0 or 1, X nay be S, 0 or H-R^ and may b 
-H or -CH3,in is 0 or 1, and Rj^q is H, CHj, F, CI or Br; 

Rj is COOH, CH2C6OH, C0SH.'^2^°^^' CHjSH. CH2CH2SH, a 
physiologically acceptable non-toxic salt of any of them; COOY; 
»i CH,COOY, COSY, CH-COSY. CH-SY or CH2CH2SY, vhereln T is phenyl, 
*| benzyl or a 1-5 carbon alkyl group, C?^ -N^^ therein either 

of and A2 may be H. phenyl, benryl or a 1-5 alkyl group; 

and Rj together form a ring vith the nitrogen and carboz 
atoms to which they are respectively attached, which ring is oni 
of the structures: 



/ - 1 IcH -, 


- J-rr-^CH -, 








- N CH 


- K CH 






.a. 


.ft... 


- K CH 


- N CH 


- 2h 


.a 




- N CH 


- ^ uH -, 


- N CH 


.a 


JI-NH Tos 
- N CH 


- 11 CH -, 


-"'^——CH 


•rO... 




. M ru • 


- V ru ^ 


0 







- 2 - 
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-N CK -N tH -N CH 

A '-(^^ .r^ 

- 1> CH - K CH - H CH 



- N CO -N CH -K CH -, 




it being understood that' -any of these structures may be mono- - 
substituted with -OH, -OCH3, F, -Q^^ , -OCH2 (o)» 

-C-OY, CI, Br, I, phenyl, hydroxyphenyl , -SH, -SCH^, 
- S^O^, -SCH2^y , -NHCH3, -CH2NH2,-CH3, -CHjOH, propyl , 
guanidino, nitroguanidino or thioguanidino and that the 'five or 
six-membered rings may be dxsubstltuted with ^OH, F« CI, Br, 
I, OCH3, or any combination of two of these substituents; 

is NH2f -OM or -SH, wherein M may be H, en alkyl group 
of 1-3 carbon atoms or any other ester moiety hydrolyzable 
under mammalian ' in vitro conditions to -OH, or an ionically 
bonded anion of a physiologically acceptable non-toxic salt; 

is H^-CHj,. halomethyl, hydroxymethyl , aminometbyl or 
mercaptoroethyl ; 

Rg is H-, CHjTt amino, halomethyl, hydroxymethyl, amino- 
methyl, dihalomethyl , trihalomethyl , mercaptomethyl , methoxy- 
methyl, inethylthiamethyl , methoxycarbonylmethyl ,* cyanomethyl, 
benzyl, acetoxymethyl , CH^ - CH - ^^^2* isobutyl, mercaptoalkyl 
of 2-3 carbon atoms, hydroxyalkyl of 2-3 carbon atoms, ethyl, 
acetylthioethyl , benzamido , acetamido, phthaloylaminoalkylene 
wherein the allcylene group has 1-4 carbon atoms, alkoxycarbonyl 
isoalkylene wherein the alkyl group contains 1-6 carbons and 
the isoalkylene group contains 3-5 carbons, benzoylamine , 
alkanoylamine of 1-6 carbons, alkylamide of 1-6 carbons, 
phenylamihe or alkylamine of carbons. 
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- -3 - 

^ anH 



(A) R- and R, are the same or different and are each 



any of 

(i) mono-N substituted alk-ylene of 2-A. carbons 
wherein the N substituent is benzoyl, Boc, Cbo, Tos, formyl 
or acetyl ; 

(ii) hydroxyphenyl or hydroxyphenyl--(1-6C)-alkyl- 
ene hydroxyalkylene having 1-4 carbons, or thiol analogs 
thereof, 

(iii) roercaptoalkylene of 1-6 carbons; 
(iv> phenylalVylene wherein the alkylene group has 
1-6 carbons, C^-Cj straight or branched chain alkyl or phenyl, 
(v) phenylthioalkylene, phenoxyalkylene, benryloxy- 
alkylene or benrylthioalkylene wherein the alkylepe group has 
1-6 carbons; 

(vi) alkyl thio alkylene wherein the alkyl and alkylene 

groups have 1-6 carbons; 

(vii) alkoxyphenyl or alkoxybenzyl in which the 
alkoxy group has 1-6 carbons, phenoxyphenyl, phenoxybenzyl , 
benzyloxybenzyl or benzyloxyphenyl or a thioether analog of 
any of them; 

(viii) -(CH20„" - CH— CHj wherein n = 0 - * and B = H 

OB 

or a 1-6 carbon alkyl group; or an -SB analog thereof; 

(ix) - (QH^^^COOZ or (CH2)pC0SZ wherein p = 0 - 3 and 
Z is H, phenyl, benzyl, a 1-6 carbon alkyl group, or an anion 
of a physiologically acceptable salt; 

(x) -(CHj)^ - CH - CH3 or -(CHj)^ - CH - CH^ 
0 - C - Z C - OZ 

p 0 
or -(CH,)„ - CH .'^ CHj or -iCH^)^ - IfH - CH3 

S - C - Z C - SZ 

0 0 
wherein n and Z each have the same significance as above; 

D D 
(xi) H0-{CH_2)„ - CH - or HS - (CHj)^ - CH - wherein 
n = 0- 4, Dis phenyl, thienyl or a 1-3 carbon alkyl group; 



« 
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0 V» 

CH^)^ G - (CHj)^ - C - (CH^)^ C - (CH^)^ - CH - . 

. 0 
(CH^)^ NH^ - C - (CH^)^ - C - (CH2)„ NH^ - C - (CH^)^. 
OH 0 0 

CH - (CHj)^ - 

wherein G is an alkacyl or alkacyloxy group of 1-6 carbons, 
a benzoyl or benzoyl oxy group, or a phenylalkacyl or phenyl - 
alkacyloxy group wherein the alkacyl or alkacyloxy group 
contains 2-6 carbons and q and o. have the same significance 
as set forth above; 0 

(XX) K - (CHj)^ - C - (CHj)^ - -or K (CH^)^ - CH - 

(CH-)^ - 

wherein n has the significance stated above and K is selected 
from carboxyphenyl, aminopherryl nitrophenyl halophenyl,' 
hydroxyphenyl, alkylthiophenyl , alkylphenyl, mercaptopheoyl , 
cyanophenyl, mercapto-carbonylphenyl , alkylcarbonylphenyl , 
alkylcarbonyloxphenyl, hydra:z.i nophenyl, ureidophenyl ,1 alkyl- 
carbonylaminophenyl, alkylcarbonylthiophenyl , alkaloxyphenyl 
and hydroxy minophenyl, wherein all alkyl groups contain 1-6 
carbon atoms; 

0 ^H 
(xxi) L - (CH2)„ - C - (CHj)^ - or L-(CH2)„ - CH - 

^^2^n ~ 

wherein n has the significance stated above and L is selected 
from cycloal.kyl groups of 3-7 carbons which may be unsubstitu- ; 
ted with up to "two groups selected from among carboxy, amino, 
nitro, halo, hydroxy, mercapto, mercaptocarbonyl , hydroxy- . 
amino, alkyl, al kylcarbonyl , alRylcarbonyloxy , alkylthio, 
alkylcarbonylamino, alkylcarbonylthio , cyano, hydrazine, 
ureido and alkyloxy, wherein all alkyl groups contain 1-6 

carbon atoms; 

(xxii) guanidino alkylene, thioguanidinoalkylene, 
or nitroguanidino alkyleme in which the alkylene groups 
contain 1-6 carbon atoms; 

(xxiii) ring substituted aryl groups in which the 
ring substituents may be the same or different and may comprise 
up to ■ 
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five per ring of any ox the following: - KH^, - .02. -S2. halogen, 
-CH, -HO^. -C002, C0S2, Z^m^. -KKiai^. alkyl, alkylcarbonyl . 
alkylcarbonyloxy, alkylcarbonylamino. haloalkyl, dihaloalkyl, 
trihalomethyl, hydroxyasino , alkylcarbonylthio, phenoxy, and 
benzyloxy vherein the alkyl groups contain 1-6 carbon atoms 
and 2 has the same significance as above; 

(xxiv) amidoalkylene or alkyl carbonyl-aminoalkylene wherein the 
alkyl and alkyiene groups contain 1-6 carbon atoms; 

(xxv) hydroxy^ininoalkylene of 1 - 6 carbons; 

(xxvi) vinyl and substituted vinyl groups in which the 
substituents nay be alkyl, aryl, cycloalkyl or heterocyclic 
groups; 

(xxvii) unsubstituted heterocyclic groups selected from 
among phenothiazinyl, pyrrolidinyl , pyrrolyl, quinoiinyl, 
imidazolyl, pyridyl, thyminyl, benzothiazinyl , indolyl, 
thienyl, purinyl, piparidinyl, morpholinyl , azaiTK)lyl, pyra-^^ ^ 
zinyl, pyrimidyl, piperonyl, piperazinyl, fxiranyl, thiazolyf /' ^' 
and thiazolidinyl, cytcsinyl; 

(xxviii) alkyiene or aikenyl groxips of 1 * 6 carbons siib- 
stituted with one of the heterocyclic rings from (xxvii) 
above ; 

(xxix) groups from (xxvii) cr (xxviii) above, containing up 
to four ring substituentc cr. the heterocyclic ring selected 
from among -02, -S2» -COCZ, -KO^, -^2,-0052, halogen, halo- 
alkyl, dihaloalkyl, trihalcmethyl , cyano , -CONH2 , alkyl. 
alkylcarbonyl , elkylcarbcnyloxy , alkyl carbonyl- amino, alkyl- 
carbonylthio , phenoxy, benzyloxy, -KH?-NH2 , - NHNH2 and HONH - 
wherein 2 has the sase significance as above; 

(xxx) groups from (>-r/ii) , (xxviii) or (xxix) attached to 
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(xxxi) Eono-, di- or tri-alkyl-, alkenyl- or . henyl- 

silyl or selenyl wherein the alkyl or alkenyl groups con .ain 
1-6 carbons. 

B. When R is a group froa among (xi) - (xxxi) above. 

nay also be any of H, 1 - 5 carbon straight or branched chain 

alkyl. phenyl, -OH. alkoxy of 1 - 5 carbons, benzyloxy, 

benzyloxyalkyiene or phenoxyalkylene wherein the alkylcne 

has 1-5 carbons, alkoxyalkylene having 1-5 carbons in 

the alkoxy and alkylene groups, aminoalkylcne of 1 - 6 carbons, 

alkenyl of 1 - 6 carbons, benzyl, hydroxyalkyl of 1 - 6 carbons, 

nercaptoalkyl of 1 - 6 carbons, histidinyl, haloalkyl of 

1- 6 carbons, A -asino ethyl -benzyl, acetazaidoalkyl of 1 - 5 
carbons, benzylthionethylene, or dinethylaminoalkyl of 1 - 5 
carbons . 

C. When R^ is a group from among (k) - (xxxi) above. R^ 
may also be any of H, * Cg straight or branched chain 
alkyl, phenyl, benzyl, isisubstituted aminoalkylene of 

2- 6 carbons, hydroxyalkylene of 1 6 carbons, hydroxyphenyl , 
phenoxyalkylene or benzyloxyalkyiene wherein the alkylene 
group has 1-6 carbons, cycloalkyl of 3 - 6 carbons, cydo- 
alkyl methyl, 3 indolyl-phenylethyl , methyl thioethyl, 3- 
indolyl alkyl wherein the alkyl group contains 1-5 carbons, 
imidazolyl. imidazolylalkyl wherein the alkyl group contains 
1-5 carbons, phenoxymeth}*!. phenylthiocethyl, 4-aminomethyl 
benzyl. 2-a2inophenethyl. naphrhylethyl. A-halophenethyl. 
3,A-dihalophenethyl or phenoxyphenethyl , or 

D. Rj^ and R2 together may form with -CH a lactone ring of the 
formula : 

CHr CH- . CH^ CH- 



or 



I 
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-V - 

(x: ..) HO - (CHj)^ - X (CH3)2 - , HS - (CHj)^ - C (^.3)2 
phydroxyphenyl - (CH2^n ~ ^ (^113)2 - or p-nerciaptophenyl- 
(CH2)jj - C (^3)2 - wherein n has the ssme significance as 
above . 

(xiii) p - nercaptophenyl - (CH2^n ' ^2 " °^ p-hydroxyphenyl- 
(CH2)jj - CH2 - vherein the phenyl ring has one or two nitro or 
amino substituents and n has the same significance as above; 

OH SH ^ 

(xiv) CK, (CH,)^ - in - or CH, (CH,) , . ^ ^ 

3 ^ 2'n 3 ^ 2'n - CH - wherein n has the 

same significant as above. 

(acv) NH2 - alkylene or NO, - alkyleas containing one hydroxy or 
'j mercapto substituent and having 1-6 carbon atoms ; 

(xvi) hydroxy- or m^rcapto-phenoxybenryl; ^ 

(xvii) Z0~(CH2)q - C (^2)^, 2S-(C2i2) " ^ - (CH2)„ 

0 0 
MK2-CCH2)q - C - (CH2)^ -. 1102(^2)^- C - iCE^^^ 

.0 O 
HONH - (CH2)q - C - (CHj)^^ NH2KH - (CH2) - C - CCEi'^^ 
0 0 R " 0 " 

20 - C (CH2) - C - (CH2)-,- 2S - C - iCA^)^ - c - (CH2) - or 
0 0 - n 

•I ti 

NH2CN - (CH2)jj - C - (CH2)ir wherein q - 1 - 5 and z and n have 

|- the same significance a6..above. 

OK OH 



(xviii) Z0-(CK2)q ■ - ^^"^iK ZS-(CH2)q "OH - (CH2)„ 

NH2 - (CH2)q - CH - (CH,)^, KO2 - (CH,)^ - CH - (^2)^ -. 

ZO - (CH2)q - ^ - (CK2)^ -. 2S - - (CKj)^ - ?H - (CH2)„ - , 

HONH - (CH2)q - ?H - (CK,)^^ NH2NH-(CH2)q - 2h - (^2)^^ - 
" OH 

or NH2CNH-(CH2)q -tH-CCH,)^^- wherein Z, c and li all have the same 
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or an analogous six-Eseabered ring and must then be selected 
from any of groups (i) - (xxxi) above. 

E. When at least one of and Rg is not hydrogen, or 
when X is KR^ and Rg is methyl, R^ cay be as drfined 

in B above, or may be from any of groups (i) to (x) above, 
vhen R^ is as defined in C above. 

F. When R, and R. together are any structure that is di- 
substituted or nonosubstituted with a moiety other than -OH, 
or when R^ and R^ form any recited structure other than one 
of 




< > 



and -H CK, R^ laay be as defined in B or may be from any 

of groups (i) to (x) when R^ is as defined in C above. 
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2; A compound according to claim 1 in ivhi ch X is -NR9. 

3. A compound according to claim 1 in which X is NH. 

4. A compound according to claim 2 in which and 
are the same and are selected from groups (i) to (xxxi). 

5. A compound according to claim 2 in v/hich R^ and R^ 
are different and each is selected from groups (i ) to (xxxi). 

6. A compound according to claim 2 in vihich R^ is 
selected "from groups (xi) to (xxxi) and R^ is as defined in 
pStt B of claim *1. 

7. A compound according to claim 1 in which R^ is 
selected from groups (i) to (xxxi) and R^ is as defined in 
part C of claim 1 • 

8. A compound according to claim 1 in which R^ is 
selected from any of groups (i) - (xxxi) and R^ and Rj form 
with -CH a lactone ring as set forth in part D of claim 1. 

9. Q ^ compound according to claim 2 in which R^ and Rj 
and C-Rg form a proline moiety. 

10. A compound according to any of claims 1-9 for use in 
inhibiting angiotensin converting enzyme in a mammal. 



